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ABSTRACT

Multi-band remote sensing provides a means of obtaining

signatures for natural earth objects and backgrounds. The Terrestrial Sciences

laboratory (CRU), Air Force Cambridge Research Laboratories (AFCRL) collected

multiband data from four humid tropical enviroments in Puerto Rico. The

Cornell Aeronautical Laboratory, Incorporated (CAL) collected field data and

performed a limited quantitative analysis toward the objective of defining

terrain signatures. Irradiance, srectral reflectance, srface temperature,

soil moisture, soil granularity, air temperature, humidity, wind speed and

direction measurements and ground photographs were obtained. The limited

analysis resulted in the development of bi-band methodology for determing

whether variations in film image density of soil are caused by surface moisture

or surface structure. If the ratio of the average exposures (low/high) of two

images of soil in the blue region of the spectrum ( .SOu ) is equal to or

greater than their exposure ratios in the near infrared ( 0 0.80a ) the

difference is attributaole to surface structure; if less. Lhen the cause is

surface moisture. The results also suggest that for surface structure, the

absolute value of the ratio can be related to the amount of textural difference

between tic surfaces. It is concluded that an electro-optical multi band

analysis system using bi-band techniques can be developed to facilitate the

Air Force engineer's task of terrain analysis and at the same time provide him

with the tools necessary to extend the utility of multi band remote sensing to

obtain spectral signatures for other earth objects and backgrounds.
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GLOSSARY OF TERMS

Remote sensing of the terrain is truly a multi discipline art

and/or science. I' is practised by geologists, geographers, engineers and

military intelligence analysts. Research efforts often involve physicists

and psychologists as well. because terms used in one discipline are often

used in other disciplines but with different connotations, a g)ou.dry of

terms is generally useful in reporting results.

This report was prepared by a civil engineer with a background

in image interpretation and the physics of image formation, which is reflected

in many of the terms used in the report. Therefore, terms which may have

different connotations in different disciplines are defined below and under-

lined in the text.
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Alluvial soil, beach sand There is arreement on general descriptor of

gravely clay, fine sand soils such as alluvial, sand, and gravel but

silty' clay there axe also significant geological differ-

ences between such soil cl.sses. Therefore,

wherever a general term such as this is used

in this report, it is cross referenced below

to the appropriate appendix in which more

specific information can be found.

Soil Text Page Appendix Page

Alluvial soil :olosco Clay 16,18,21 R-I6 Location 7

Beach sand Palm Sand 16,18,21, R-9, B-I
2S Location 2

Gravely clay Yaucoa Clay 23,24,25, B-28 (Yo)
26,28,29

Fine sand Guayabo fine 23,24,29
sand

Silty clay Coloso Clay 25,28,29 B-16 Location 7

Beach sand Palm Sand 39,40,4.1, B-9 Locatinn
47

Pasture grass 41 B-18

(Note: Species could not be identified

because of heavy grazing condition)

MANGROVE

Micron (f') The term micron used in this report is a unit
-6 -3

of length equal to 10 meters or 10 milli-

meters. It has been comionly used as a measure

of the wavelength of energy in parts -f the

electromagnet spectrum in which remote sensors
(23)operate. Because other terms are also

used for this same unit of length a conversion

table is presented below.

meters millimeters

micron 10-6 10-3  micrometer

millimicron 10-9  lo- 6  nanometer

angstron 0-10 10in --

vi
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Pasture grass, mangrove There is agreement on )en,'r 3 descriAptors Of

vegetation but there are ali soi :nfic.n

botanical differenr',s Ihtwen siich vectat icn

classes. A:; is explained in the appendices,

species were not ,IctermineI on this e4fort,

but other details are presented and cro,,s

referenced below,

Text A)pendi x

Pasture grass 41 ,.13,.1(, B- IIs

Mangrove 43 1 -1 , 1

Stabilized beach A w,'ater deposited sand whosc surface has

been whollv encroached by vegetatio), (grasses,

vines, woody plants and palm trees) to th,,

degree that no ert,;jon l\ wind can occur.

Term

Surface Moisture The area of wte surfaces present on a

terrain surface and within thu are;a of a

eround resolution element of a reimote sensor.

This water may occur in a wide variety of

farms such as a ) !'u"! C,; f i 1li d-,, IOrs

in the ground srface: b) water trapped be,,ween

soil grain!, a-, tie surface or water droplets

on vegetation.

Surface moisture is not synomomous with the

term soil moisture which image interpreters

use to define an iniape that they judge is a

wet soil on the ground. Areas of surface

moisture which are on thr order of the sign

of the ,ground resnlu-ior clemeit oi a remote

sensor are not recorded as an image which the

interpreter can ilentifv. An inter-Treter

vii



requires on the order of five to ten such

elements together before he can recognize an

image as a specific round object.

Surface moisture is not synomonous with the

geologic term soil moisture content which

refers to the percentage of water in a sample

of soil by weight. However, it appears that

by utng prior geologic knowledge of terrain

and hi-band remote sensirg techniques reliable

relationships may be found between these terms,

so that soil moisture content can be deter-

mined by remote sensing.

Surface structure Three dimensional variations in a terrain

surface witnin the area of a ground resolution

of a remote sensor. Such, variations can be

caused by differences in, vegetation height and

density, the presence of boulders, cobbles, or

coconuts, or earth scars made by man. These

three dimensional variations in the terrain

sutface affect both the 6i ctral distribution

and the intensity of the average radi~ace

detected by a reanote sensor in its ground

resolution element. However, they are not

recorded as specific images by the remote

sensor; and therefore the term surface

structu7-e is not synomomous with the image

interpreter's term soil texture, i.e., the

frequency of change and arrangement of (image)

tone as defined in Reference 14. Also it is

not synomomous with the texture of soil, as

defined in Reference 19, which relates to

laboratory sieve ana'..<is and other standard

soil tests to deteriii,, the distribution of

viii



individual partical sizes in n soil sample.

liowever, it appears that by using prior

geologic knowledge of the terrain and hi-band

remote sensing techniques reliable *elation-

ships may be found between this terms, so

that soil texture, in the geologic sense can

be determined remotely.

ix



1. INTRODUCTION AND SUMMARY

The United States Air Force has the very important mission of evaluating

terrain for engineering properties related to uses such as airfields or support

facilities development. Preliminary surveys especially in remote areas are

conducted using remote sensor data and photogrammetric and interpretation

analysis methods.

M.uiti-band remote sensing techniques can provide new and more precise

information about the terrain to aid in the task of terrain evaluation. Deriving

spectral signatures for natural earth objects and backgrounds therefore is

a major objective of the USAF, and the ultimate objective of this effort.

On this effort, CAL supported Terrestrial Sciences Laboratory of the Air

Force Cambridge Research Laboratories [AFCRL (CRJ)] by acquiring field data

from four humid tropical environments in Puerto Rico, which was used in a

limited analysis of multi-band remote sensor data collected by AFCRL. The

field data contained in the Appendices of Lhis report attest to the successful

completion of the support objective.

The most significant result obtained from the limited analysis was the

development of a bi band spectral technique to allow the image interpreter to

determine whether tonal differences of images of soil were caused by surface

moisture or surface structure. This result is considered significant because

it represents a step toward being able to measure soil moisture and granularity

remotely and thus predict bearing strenjth for facilities development. It

also strengthens CAL's hypothesis that the answer to the successful utilization

of multi-band data, remotely sensed, lies in the proper selection of a limited

number of spectral bands, of proper band width, whose spectral reflectance

ratios are unique. in ?ddition, it extends the usefulness of a bi-band spectral "

signature technique developed by CAL for the basic surface features, water,

vegetation and soil.

The basic concept of spectral signatures is discussed in Section 2,



followed by a brief discussion in Section 3 of the major factors in the remote

sensing system which affect the observed spectral signatures. Section 4

contains results of this effort with respect to the major factors described

in Section 3 including spectral irradiance, spectral reflectance, and sensor

limitations. The development of the gross signatures for water, soil and

vegetation is discussed in Section 5 followed by the Results and Conclusions

for the effort in Section 6.

Processed ground data collected during the effort and technical details

of the analyses are included in Arpendices.

2



2. BASIC CONCEPT OF SPECTRAL SIGNATURES

The remote sensor can only record the true energy per unit area from

an object as measured by ground instrumentati-n when the two measurement

systems have identical sensitivities, have idcntical geometries of source,

objects and detector, and have identical attenuatiuns by outside forces such

as the atmosphere. Since these conditions rarely exist in practice, the

energy recorded by the remote sensor is referred to here as the apparent

energy reflected or emitted by the ground object or background.

What the interpreter observes as image tone or density is a spatially

distributed and modulated representation of this energy. CAL has demonstrated

in a previous program quantitatively that the tone or density of an image

can be related to the average reflected energy from ground objects using

appropriate controls. Laboratory measurements of object surface spectral

reflectance (Refs. 1-5) have shown that differences in reflectance do occur

in nature between ground objects and backgrounds pertinent to variations

in object properties such as soil moisture. Therefore, if the apparent energy

is sampled in the appropriate spectral regions and displayed as spatial images

which the interpreter can recognize, the interpreter can extract information

pertinent to his task more rapidly than presently possible and in greater

detail.

For example, the interpreter using a grepse pencil, stereoscope, and

overlay can outline all the images of tree stands in a scene and by pi >letry

or the block square method, he can measure the area of ground covered by

trees. A comparison of such areas at several sites considered for the development

of an airfield could be the deciding factor in site selection.

Laboratory reflecint,.e measurements have established that vegetation

has spectrally unique properties in two bands when compared to all other

earth objects; namely low reflectance in the chlorophyl absorption hand at

3



approximately 0.65,, and high reflectance in the near infrared band at approximately

Using these spectral signature bands, CAL developed a methodology of

photographically preprocessing photographs taken in these two bands to produce

a third photograph which does not image vegetation (Ref. 1). Additional

research (Ref. 6) led to the development of an electro-optical preprocessing

technique which allowed the interpreter to eliminate areas of vegetation

selectively, based upon the absolute value of the reflected spectral energy

in these two bands. it was noted that grass and brush areas were separated

from tree stands by this technique so that a transparency could be obtained

which imaged only the latter. Therefore, areas of tree stands can be determined

readily by measuring the transmission of the transparency and the tedious,

time-consuming interpretation task of preparing grease pencil overlays for

mechanical measurements of area can be eliminated.

The same methodology indicated above for vegetation was also applied

to images of soil (including rock outcrops) and water bodies, the other two

primary natural objects or backgrounds which are present on the earth's surface.

The results indicated that for the two spectral bands used, transparencies

could be generated which would give the area distribution of both soil and

water.

The state-of-the-art of developing and utilizing spectral signature

data is in its infancy. The effect of the change of the true spectral energy

from an object sensed remotely, caused by the remote sensing system components

and conditions must be determined before efficient use can be made of the

spectral energy. These factors are discussed in detail in the following

section of this report. In Section 5 , Spectral Signatures, the basic concept

of spectral signatures described above is applied to spectral film obtained

on this effort and the significant results with respect to terrain analysis

by remote sensing are presented.

4



3. FACTORS AFFECTING REMOTE SENSING FOR SPECTRAL SIGNATURES

To many, placing a band pass filter on an aerial camera lens yields

a spectral, aerial photographic, sensing system that will produce a photo-

graph on which differences in image densities are attributable to the reflectance

properties of the ground ohjects at this wavelength. To illustrate how the

validity of this assumption is affected by the other factors, Figure 1 has

been prepared to diagram a complete system.

The sun is the source of the energy for the system. its intensity and

spectral distribution have been the subject of much research culminating

in a generally agreed upon and useable standard by the scientific community

(Ref. 7).

The earth however, is surrounded by an atmosphere which attenuates the

energy from the sun as well as the reflected energy returning from ground

objects (Ref. 8). These attenuations factors have also been the subject

of considerable research (Ref. 9); however, less agreement is found in the

scientific community regarding the attenuation effects of the atmosphere

than the intensity and spectral distribution of the sun outside our atmosphere.

The reflectance of an object is definea broadly in terms of the ratio

of the energy reflected by the object to the energy incident upon it. Since

basically the reflected energy produces the image density of the ground object,

the density is therefore dependent upon the intensity and spectral distribution

of the incident energy. Some objects in an aerial photographic scene will

receive direct solar illumination whereas others, because of surrounding

taller objects, will receive indirect illumination (shadow areas). The intensity

and spectral spectral distribution of the latter is extremely difficult to

predict because it is composed primarily of skylight (which depends on cloud

conditions) and the light reflected from surrounding objects. Finally, when

cloud shadows are present within the scene, objects are illuminated partially

I I I I I I I I I i I i I~ i I i . . .
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Figure I BASIC AERIAL PHOTOGRAPHIC SPECTRAL SYSTEM
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by direct illumination and partially by indirect illumination. Again, this

is a difficult illumination condition for predicting intensity and spectral

distribution. However, if a natural object of known spectral reflectance

appears in the photographic scene under each condition of illumination, the

differences in reflected energy for cloud and structure shadow conditions

relative to direct sunlight could be determined froin the densities of the

images. As will be discussed in Section 4.2.6, vegetation has been considered

in this study as a potentinl natural standard reflectance reference.

The definition of object reflectance used above is very general. Most

real objects reflect energy differently in all directions, depending upon

surface geometry and the geometry of the source, object and detector. Real

objects are generally not ideal diffuse or specular reflectors. Laboratory

measurements of object reflectance are generally standardized, but do not

include the in situ geometry of the obiects of interest or the specific geometry

of source, object and detector for all situations which are likely to be

encoiLntered, Therefore, laboratory or even in situ ground measurements of

object reflectance are at best a poor standard with which to judge the accuracy

or precision of measurements made using an aerial photographic system, as

will be discussed further in Section 4.2.1.

Finally, the photographic systeni itself affects the apparent reflectance

of a ground object as derived from its image dcasity.

If the spectral filters are of the interference type employing dielectric

coatings, the transmittance peak shifts to shorter wavelengths with increasing

off-axis angles. This effect is generally small for objects close to the

axis of the system. For objects considerably off axis, corrections can be

applied if needed.

Gelatin filtt-s between optical quality glass have essentially no effect

on image density in this respect. However, narrow band passes must be achieved

"y combining two or more filters which can result in internal reflections

7



which add to the flare light of the system. Gelatin filters unmounted tend

to wrinkle, introducing more flare and distortion than the glass-mounted

variety.

Lenses have some degree of transmission fall-off as the angle off-axis

increases. The effect on image density is small for good quality lenses.

Lenses are generally focused for imaging energy received in the red-green

portion of the spectrum. Multi-band aerial cameras have independent lenses

for each speutral region sensed. Refocusing is required if such lenses are

to be used with blue or near infrared energy, in order to match the ground

resolution capability of each lens/film combination. Thus the same ground

objects will be imaged with the same degree of detail by each lens system

and the resultant image densities will be truly related to the object reflectance

properties in each spectral band.

The shutter characteristics of the camera are also important if quantitativw

reflectance data are to be derived from the imagery. The between-the-lens

shutter exposes every point in the photographic scene essentially simultaneously,

whereas the focal plane shutter exposes a line at a time as it moves acioss

the film format. The latter is undesirable because variations in the speed

of the shutter across the format introduces variations in image densities

across the format. In some cameras, these variations are severe enough to

cause visible density bands on the photographs.

Film processing can also be a source of major error, especially where

rewind processing is employed. The relationship between image density and

the exposure will vary considerably over the entire length of the roll of

film being processed. If continuous processing is used, errors of this nature

are minimized.

A scanning microdensitometer is generally used to measurc the densities

of images of ground objects on the filtered films and is another important

consideration in deriving quantitative reflectance data. The scanning slit

8



aperture size nust be selected which is of the proper size to yield an average

value of deasity for the object of interest. If the object is large rclative

to the ground resolution element of the system and has no internal pattern

or structure, aperture size is not critical. However, most natural objects

of interest do have structure or internal patterns so that the averaging

effect of the aperture selection must be considercd.

Obviously, there are many factors which must be considered in a complete

aerial spectral sensing system. Some of the factors consiciered above are

also important with respect to scanning systems operating in the infrared

and ultraviolet such as the atmospheric attenuations, and film processing.

Different factors arc also introduced by changing the ),rinciple of the sensor

system, such as the transfer function of the electronic components of such

systems.

Under this research effort, only spectral sensors operating in the visible

(0.4 microns to 0.7 microns) near infrared (0.7 to 0.9 micronF) and intermediate

infrared (3.0 to S.0 microns) regions of the spectrum have been employed.

The factors discussed above were considered in every phase of the effort

from the planning of the data collection program through the limited analysis

effort.

9.



4. RESULTS PERTINENT TO SPECTRAL SIGNATURES FOR NATURaL EART!i OBJLCrS

AND BACKGROUNDS

Detining signatures for natural earth objects and backgrounds is the

ultimace objective toward which this research effort was directed. It wAS

planned that this effort would produce quality data and techniques for analyses

to derive signsiures. The data contained in the Appendices of this report

and zhe films from the spectral camera and infrared scanner attest to the

successful data collection. Only one other such data bank is known to exist.

(Ref. 10) The estab1isW-,nt of spectral signatures for water, soil and vegetation

confirms the value cf the quaotizative analytical techniques for deriving

spectral signatures.

4.1 Spectral Irradiance

On this effort CAL measured the relative irradiance changes throughout

th, test period. Figure 2 shows the results of these measurements compared

to a spectral irradiance curve used by others (Ref. 13). The details of

how these curves were derived are presented in Appendix A. In deriving ground

object spectral reflectance from film image density the difference in density

between an object of known reflectance and an object of interest is measured

as described in detail in Section 4.2.6. As long as both images are on the

same frame of photography and both in sunlight, the irradiance on both is

essentially the same, and therefore does not affect the measurement of relative

reflectance. However if the image of known reflectance occurs in one frame

and the image of interest is on a previous or subsequent frame irradiance

conditions could change and thus effect the measure of relative reflectance.

The relative change in irradiance not the a--lute change is significant.

Therefore, the relative changes in spectral irradiance for each wavelength

band were determined from the data for Figure 2 for corresponding changes

10
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in total irradiance. As shown in Figure 3 the changes in spectral irradiance

tend to follow the 45* correlation line, but variations as large as a factor

of 2 occur which could result in errors of the same magnitude in reflectance

calculations based upon a one to one correlation between changes in bpectral

irradiance and total irradiance. In plotting these data it was noted that

in the blue region of the spectrum (+) practically all points fcll above

the one to one correlation line suggesting that corrections to be ..sed in

deriving ground object reflectance, and based upon a measurement of a change

in total irradiance would always be in one direction. Beyond 0. 45S/ , each

band appeared to be below the correlation line for small changes in total

irradiance at low irradiance levels and above the line for changes greater

than .50 at high total irradiance levels. Changes in total irradiance greater

than .5 at total irradiance levels on the order of 300 watts/ m2 or less
appear to lower the curve for high level irradiance so that all points fall

below the correlation line. The only spectral irradiance band in which changes

in spectral irradiance correlated well with changes in total irradiance was

the .65 band at high levels of total irradiance. Each set of wavelength

dependent data plotted in Figure 3, is replotted in separate figures (A 4

through A 11) in Appenr'ix A.

Because only a limited analysis could be undertaken of the irradiance data

collected the statistical validity of the results given above can be challenged.

However, in view of the present trend toward the development of nultispectral

remote sensing systems for obtaining information pertinent to earth objects

and backgrounds, it is necessary that the effects of changes in irradiance

be evaluated fully to design a workable analysis system. Therefore it is

recommended that research be undertaken to establish the degree to which

the results above can be generalized for other geographi areas, times of

day and sky conditions.

12
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4.2 Spectral Reflectance of Natural Earth Objects and Backgrounds

As pointed out in Section 2, studies over the years have shown that

natural earth objects do exhibit spectral reflectance differences which

are of significance in terrain analysis. Therefore, many research efforts

have been undertaken with the ultimate objective of developing a remote sensing

system to exploit these differences. Mos. of these efforts have concentrated

on only one or a few of the numerous factors which affect the image density

of an object on aerial film so that results have been highly qualified. By

far the greatest number of these efforts concentrated on the measurement

of object reflectance. Ini'ially, such measures were made in the laboratory

because no field spectrometers existed. Such instruments were built, but

correlation of field measures to laboratory measures were infrequent. In

1966, measurements of the reflectance of ground objects from the densities

of images on spectrally filtered photographs were made by CAL (Ref. 1). The

precision of these measurements was established as t 6% of the mean value

of reflectance. In addition, this prcvious effort demonstrated the primary

reasons for lack of correlation between measurements of object reflectance

from film, in situ and in the laboratory.

The two major factors causing the lack of correlation are inherent differences

in the basic geometries of the measuring systems and of the surfaces of the

natural objects of interest. Under the present effort, where possible, object

reflectance was measured in the laboratory, in situ and from image densities

on filtered film exposed in an Itek multiband spectral -amera. These data

are included in Appendix B.

4.2.1 Geometric Differences in Measurements

Magnesium oxide is the accepted standard for reflectance measurements

because its reflectance is high (--98%), it is nearly independent of wavelength

and it is nearly a diffuse reflector (i.e., reflections from its surface

14



obey Lambert's law (Ref. 11).

However, natural earth objects are generally not diffuse reflectors

and therefore their reflectance is dependent upon the geometry of the source,

object surface and detector. Therefore, measurements of object reflectance

(Ref. 12) at all source and detector angles relative to the surface are required

to define fully the reflectance properties of an object. The complexity of

a device for making such measurements with the precision of existing reflectance

instruments and the limited market for its use, has led manufacturers to

more or less standardize the geometry of source,surface and detector and

utilize an integrating sphere to collect all of the reflected energy from

the surface, which yields a single number for total reflectance. Some manufacturers

provide a means for deflecting most of the specular component out of the

system which then yields a measure of near total diffuse reflectance. The

geometry of the natural object, within the ground resolution element of

the aer.al camera system, influences the apparent reflectance of objects

as determined from image density on film.

In general then, the geometry of the small surface areas sampled by

the laboratory equipment are not representative of the geometry of the surface

areas sampled by the resolution element of a spectral camera system or an

in situ field system. Thus strictly on the basis of geometric differences

in measuring systems, there is no reason to expect spectral reflectance values

determined in the laboratory, in situ, and from aerial image density to correlate

well. However, if the factors causing the apparent differences in object

conditions are defined, correlations will be possible. Therefore, three

basic experiments were conducted on vegetation and soil samples in the laboratory

to determine the effect of combinations in a finite sample area and the

effect of background on the apparent reflectance of vegetation. These experiments

are described briefly in sections 4.2.2, 4.2.3, and 4.2.4.

I
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4.2.2 Soil-Vegetation in Fixed Sample Area

The energy received by an aerial camera and converted to an image density

depends on the reflectance properties of objects within the ground resolution

element of the system. Assuming the camera system has a ground resolution

element of area A the total energy reflected by several different objects

in the sample area can be expressed as follows:

//.-A,. -/RA, #//,A .A2

where If - irradiance on area

A C area

R = reflectance

and the subscripts refer to different objects. Then the average reflectance

can be expressed as:

To check the validity of this expression, a milk weed leaf was placed

in the sample holder of a Beckman DK spectrophotometer and was backed by

an alluvial soil sample. The area Arnow becomes the sampling area of the

spectrometer. Reflectance was measured with the soil surfa, completely

covered, 25% exposed, 50% exposed and 75% exposed and finally 100% exposed.

The results are shown in Figure 4 where the continuous curves are measured

on the Beckman spectrometer and the computed values are shown as points.

As can be seen from the figure, excellent agreement is achieved from .5," -

.6F, ;however, considerable disagreement is noted in the far red (0.6./ -

O. 7 i ) and the near infrared (0.7/,* -0.8 ) regions.

A second test was conducted using a beach sand as a backing for a second

milkweed leaf sample. Very similar results were obtained as illustrated in Figure

S. Within the visible region of the spectrum (0.4v -0.7 ) the basic vegetation

16
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curves are (100% solid line) identical within the precision of the spectrophotometer.

Over the near infrared (0.7 ,-' -0.8r'), the curve is on the order of 3-4%

higher than the curve shown in Figure 4. This is attributed to a difference I
in the transmittances of the two leaf samples in this spectral region and

therefore indicates the need to consider the transmittance of vegetation

in determining the true reflectance of vegetation from spectral films.

Both Figures 4 and 5 illustrate the effect on spectral reflectance of

having two different types of objects in the ground resolution element of

the spectral camera system. In the case of the alluvial soil, a significant

spectral difference occurs in the band near 0.55, because the reflectance

of the soil is approximately half that of vegetation. However, in the case

of the beach sand, this reflectance value is nearly equal to that of the

leaf in this spectral region (0.54r) but significant differences occur below

.52 p and beyond O.SSX between the soil and vegetation curves. Such differences

might be utilized to differentiate between the two soil types. provided vegetation

type and distribution were the same, however the effects of soil moisture

conditions must be considered. These effects are discussed in Section 4.2.4.

The differences between predicted values of reflectance and measured

values are attributed primarily to having to remove the sample from the spectrometer

for each measurement, in order to remove 1/4, 1/2, and 3/4 of the leaf sample.

Thus slightly different areas of soil were exposed each time, and the surface

structure change can easily cause the differences noted. Nevertheless, both

curves indicate that the effect of two dissimilar objects in the aperture

is to yield an area weighted average value of reflectance.

19



4.2.3 Vegetation Transmission

As indicated in the previous section, vegetation transmits, (Ref. 13)

as well as reflects, energy in the near infrared. To illustrate this point,

milkweed leaves werv stacked over a backing of alluvial soil in layers of

varying thickness and the reflectance values were measured. The resultant

curves are shown in Figure 6.

Leaves generally absorb energy in the visible region of the spectrum

(0.4-0.7,., ) to carry out their photosynthesis process. in the .7/ - .9//

region less than 10% of the incident energy is absorbed so that reflected

and transmitted energy is generally appreciable (i.e. 30-60%). TKL transmitted

energy is then reflected according to the properties of the backing surface.

Upon reaching the bottom surface of the leaf, some is transmitted through

to be added to the first reflection and some is reflected back to the second

surface for additional reflection, transmission and absorption. However,

as the curves in Figure 6 show, a limit is reached rapidly. Since the aerial

sensor looks down on vegetation it essentially looks at stacks of leaves,

Therefor,, if in real life the crowns of broad leaf trees and shrubs have

at least the minimum number of stacked leaves to reach this limiting reflectance

and the average number of holes in the crowns are the same in the ground

resolution element of the camera system, the reflectance as derived from

the image density or filtered film should be a constant.

Data such as the average number of leaves in a vertical profile of tree

crowns and the average number and size of holes in the crowns is not normally

obtained in a forest survey and was beyond the scope of this effort. Therefore,

the assumptions regarding these properties of vegetition cannot be substantiated.

The only evidence that can be presented at this time which tends to

substantiate these assumptions is given in Section 5, Signatures of Earth

Objects and Background, where the majority of broad leaf vegetation is

20
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eliminated from an aerial photographic scene by using the reflectance properties

of the vegetation in a spectral band in the visible arid one in the near infrared.

This would not be possible, if the reflectance properties of these large

areas of different types of vegetation were not the same in the two bands,

as measured by the density of their images on the two films.

Inasmuch as the terrain analyst in comparing sites for facilities development

generally encounters vegetation and mct consider its potential as a construction

material, the cost of removal, the type of equipment required and many other

factors, additional research into how multi-band sensing can assist him is

recommended.

4.2.4 Soil Moisture and Cranularity

Judgments of soil moisture and granularity (surface texture) are commonly

made by photo interpreters. Moisture is judged by tonal differences in soil

images, whereas granularity is judged by the edge gradient of soil areas

which have been subject to erosion and the number and patterns of surface

drainage features present (Refs. 14, iS). Both moisture and granularity

are terrain properties of major significance with respect to site selection

and engineering evaluation because of their relationship to the bearing strength

of soil and the uscfuiness of soil as a construction material.

Because of the general agreement of interpreters that soil moisture

variations are more readily identified by their uniquely dark tones on near

infrared photographs tnan on conventional visible light photographs it appears

that mlti band photographs might yield a means of obtaining a signature

for soil moisture.

The spectral reflectance characteristics of soil samples collected during

the field exercises in Puerto Rico were measured on a Beckman UK-?A spectro-

photometer. Tie measuremeoits were made on both wet and dry soil samples.
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The results agreed well with published data (4), and confirned that when

moisture is added to a soil its reflectance is reduced. Appendix B contains

tables of these data and the scientific literature contains more such data.

On this effort, however, limited experiments and analyses were conducted

which have resulted in a new hypothesis for determining remotely differences

in soil surface moisture content and structure, which may be related to sub-

surface moisture content and granularity.

To determine what happens to the reflectance properties of a soil when

watei i! added a dry sample of sand was placed in rhe magnesium carbonate

standard position in the Beckman DK-2A spectrophotometer. A second sample

was placed in the sample position, both i.n bottle holders. Several measure-

ments were made and the sample shifted in position to obtain a constant output

of I0M%, which indicated the samples were therefore identical even with respect

to surface structure, Water was then added to the sample bottle and the lower

ct;'e shewn in Fig.'re 7 was obtained,

The fact that the largest difference occurs in the blue green rather than

the near infrared indicates that absorption is ,iot the major mechanism causing
the chn,- ir rcfectace, but instead a dispersion effect mus't be the cause.

It was also not d that the ratio of reflectance at 0.50 microns was appre-

ciably lower than the ratio at 0.80 microns at which point a maximum occurred.

Ratios were therefore computed for two otner soils, L ravellv clay and
fine sand, ant the re.uitAnt c,,rves arp shown on Figure 7, and as expected

do fol , the measured ratio curve.

Thus, if a terrain analyst judges two areas of the same soil have different

image densities because of differences in surface moisture content, given

the proper equipment, he can measure the spectral reflectance ratios from

multi-band image densities and determine luantitatively whether or not

23
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the ratios follow the shape of the reflectance ratio curve.

Since the observed density difference could also be caused by differences

in surface structure, or differences in the amount of vegetation present

it is necessary to determine how such differences behave spectrally in order to

determine which is the cause of the differences in the image. In the case of

vegetation, as can be seen from Figures 4 and 5 of Section 4.2.2, several

interesting changes in the spectral reflectance ratios of two apparent soil

areas of different densities on panchromatic film (O.4 0 f - 0.68// ) can occur.

First, if the soil is a high reflectance soil such as the beach sand shown in

Figure 5 the vegetation will cause a maximum to occur in the spectral ratios

at 0.55 microns whereas a minimum will occur at about .65 microns. In the case

of a low reflectance soil such as the alluvium shown in Figure 4 a maximum

will still occur at .S5 microns, however, it will be greater than 1.0 because the

soil reflectance is lower than the vegetation reflectance in this band, The

minimum will still occur at 0.68 microns regardless of soil type, because this

is the major chlorophyl absorption band for vegetation, where reflectance is

generally always lower than for any other object. Therefore, to determine

whether or not vegetation is the cause of the density difference the interpreter

observed between the two images he believes to be soil areas he can compute

the ratios of reflectances in the .65 micron band and the .75 or 0.80 micron

band for multi-band negatives and if the latter is greater than 1.0 and the

former less than 1.0 he is sure vegetation is the cause. Recall that in the

case of moisture differences the ratio in blue and red bands will be less

than 1.

The granularity, or more realistically speaking, the surface structure of

soil, also alters the apparent density or tone of a soil's image on aerial

photographs. The coarser the surface structure, the more light traps are

present, and the lower the apparent reflectance of the surface. This is
illustrated in Figure 8 where the diffuse reflectance of graded aggregates

* from a gravelly clay sample was measured. A sample of silt clay
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was also subjected to this same treatment with the same effect was noted.

Therefore, it was assumed that the effects was independent of the soil type.

To validate this assumption, the ratios of the spectral reflectance of eRch of

the graded aggrates in sieves I C42 ), 2 (1. -2 ) 3 (0.$. -1 y.

4 (0.2S, - 0.5mm) and 5 ( 0.125-m- 0.2Smm) to the spectral reflectance

of the smallest graded aggregate in sieve 6 (0.12S5'vv - 0.062) were 4

computed for both soils. If the assumption of independence with respect to soil

type is valid these ratios of reflectance should be equal for each soil type.

The results are presented in table I below. In addition, if the ratios for the

silty cla are plotted against the corresponding ratios for the gravelly clay

soil they should fall along the one to one correlation line as shown in Figure

9. Considering the limited data sampled and the fact that even after sieving

a soil sample there is a distribution of aggregate sizes within each graded

sample, the correlation of ratios suggests that indeed the effect of soil

structure on soil reflectance is independent of soil type. These results

also suggest but do not prove that the density differences caused by structure

is independent of wavelength for small differences, but wavelength dependent

for large differences.
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Table I Ratios of Spectral Reflectance for Graded Aggregates

of Two Different Soil Types

Silty Clay Gravelly Clay

Sieve Nos. 5/6 4/6 3/6 2/6 1/6 5/6 4/6 3/6 2/6 1/6

Wavelength Spectral Ratio in Percent

.so 0.86 0.7S 0.71 0.68 0.61 0.85 0.75 0.80 0.75 0.70

.SS 0.87 0.73 0.70 0.67 0.60 0.84 0.71 0.71 0.68 0.61

.60 0.91 0.72 0.69 0.66 0.59 0.87 0.74 0.71 0.66 0.58

.65 0.88 0.73 0.68 0.68 0.56 0.83 0.71 0.69 0.64 0.57

.70 0.86 0.75 0.69 0.69 0.56 0.87 0.72 0.70 0.63 0.57

.75 0.90 0.74 0.69 0.67 0.54 0.87 0.72 0.68 0.62 0.56

.80 0.88 0.74 0.69 0.67 0.52 0.86 0.72 0.66 0.62 0.55

.85 0.89 0.75 0.68 0.68 0.52 0.85 0.72 0,66 0.62 0.55

.90 0.89 0.74 0.67 0.70 0.52 0.85 0.70 0.66 0.62 0.55

Ratio of 2 4 8 16 32 2 4 8 16 32
Sieve Sizes

Therefore to determine whether two soil images differ because of surface

moisture or structure, one merely measures the spectral ratios of the two

soil images in the blue region of the spectrum and the near infrared spectrum

as described previously for moisture. If the latter is larger than the

former, the cause is moisture, whereas structure will result in equal ratios

or a larger ratio in the blue than in the near infrared. For differences

caused by vegetation a red and near infrared band are used and the ratio

will be less than one in the red and greater than one in the near infrared.
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Once the cause of the tonal difference is determined, the absolute value

of the ratios become significant. It appears from the data in Table I that

for granularity, a ratio on the order of 0.85 to 0.90 indicates a factor

of 2 difference in granularity, a ratio of 0.70 to 0.75 of factor of 4; a

ratio of 0.65-0.70 a factor of 8; a ratio of 0.60-0.6S a factor of 16 and

a ratio of 0.55 to 0.60 a factor of 32.

It appears that indeed multiband quantitative analyses can yield signifi-

cant data for the terrain analyst with respect to soil moisture and surface

structure (granularity). The key appears to lie in the understanding of

the ratios of reflectance changes across the visible spectrum, not the absolute

values. The results of this limited analysis are indeed encouraging and

indicate additional research iL warranted.

4.2.5 The 3-5 Micron Spectral Region

The 3-S micron spectral region in the infrared can provide the Air

Force terrain analyst with useful information relative to the thermal properties

of natural earth objects and backgrounds. Maps based on data collected in

the 3-5-; spectral band showing evidence of emissions in regions having hot

springs or volcanic activity are presently a reality. However, because of

a lack of knowledge of the emissivity properties of terrain features and

the effects of the atmosphere, moisture content and geometric structure on

the recorded imagery the full value of the information sensed is being limited.

The quantitative analysis approach used on the multiband photographic

system if applied to the data from the 3-5 micron region offers a means of

acquiring the knowledge necessary to utilize fully the information contained

in this band. As with the multiband photographic system controls are required

to relate image density to radiance. Appendix D describes in detail CAL's

approach to establishing the required controls. Sufficient analysis of the

data has been done to verify that the control: used during the field tests

in Puerto Rico were adequate.
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Two water trays (20 feet by 20 feet by 4 inches) were used as control

targets (objects of known radiance) in the field. A 3 C temperature difference

was maintained between them during data collection periods. The analysis

indicates that a significantly larger difference is desirable to improve

the precision of the derivation of the image density - object radiance relationship.

The fact that controls were established, under field conditions, which

would allow a quantitative assessment of earth object radiance in this spectral

region is a significant achievement toward the objective of full utilization

of the information contained in the 3-5 micron spectral region.

4.2.6 Reflectance Standards

The terrain analyst is primarily interested in tonal differences between

two otherwise similar images and the area extent of the differences. These

differences represent such factors as the amount of timber requiring clearing,

good timber for construction, area of shrub versus trees, distribution of

surface moisture, distribution of rock outcrops, distribution of near surface

rock, and many others. Many of these differences are expected to have spectral

signatures but are either too subtle for the interpreter to detect or if

detectable are used only for a qualitative judgment of their significance.

Therefore, he must be aided by the use of a spectral densitometric analysis

procedure which standardizes the properties of objects he recognizes, presents

enhanced visual displays of the subtle densitometric differences, and allows

a quantitative measurement of the observed differences. Quantitative spectral

reflectance data can be derived from photographic imagery by an absolute

method which requires an absolute measure of the spectral irradiance on an

object, an absolute measure of the attenuation of the reflected energy, by

the atmosphere, the camera system, the film processing system, and the densitometric

analysis system. On the other hand, quantitative spectral reflectance data

can also be derived from photographic imagery by a relative method, provided
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the reflectance properties of some objects appearing in the photographic

scene are known. The latter is the most practical method because, it eliminates

the need for measurement of spectral irradiance, the need for an absolute

measurement of atmospheric attenuation, sensor attenuations and processing

attenuations, because the object whose reflectance is known is imaged simultaneously

with the unknown objects of interest. Unfortunately, the reflectance properties

of natural objects which occur in an aerial photographic scene are not known

with any degree of precision. Therefore, present data collection efforts

are forced to use man made objects such as painted panels of known reflectance

as reflectance standards in deriving quantitative object reflectance from

film image densities.

Vegetation, soil and water are the most common natural objects occuring

on aerial photographic scenes of interest to the terrain analyst. Therefore,

these are logical natural earth objects to use in deriving the reflectance

of other earth objects of interest or variations of other images of soil

vegetation and water from the standard images in the scene.

It is first necessary to prove that the spectral reflectance properties

of a number of vegetation, soil and water body types, as measured from aerial

film density and which the terrain analyst can recognize reliably from aerial

photography are identical within the limits of precision set by the present

state-of-the-art of remote sensing and sensitometric densitometric analysis

systems.

Because of the broad scope and limited analysis of this effort conclusive

proof of the assumption above coild not be obtained, although additional

evidence of its validity was obtained. In Section 4.2.3 it was sho. that

in the infrared region the reflectance of stacked leaves approaches a limiting

value, suggesting that in using an aerial sensing system to measure reflectance

many broad leaf trees wll have identical reflectance in the near infrared.

From Section 4.2.4, the _Ffect of surface moisture on soil was shown to be

independent of soil type as was the effect of surface structure on soil
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reflectance. The effects of moisture and structure with respect to tree

crown reflectance should also be investigated experimentally to establish

whether these factors are also independent of vegetation type.

From reflectance data on soil and vegetation in the open literatuxe,

as well as data measured by CAL, there is additional evidence that these

two terrain features may indeed be useful as standards. Reflectance data

on leaf type from a variety of tree types, from different geographic areas,

and measured by several different investigators over a span of twenty-two

years were averaged and their one sigma derivations in spectral reflectance

computed. Available soils data was treated similarly. The resultant curves

are shown in Figure 10, and the raw data is presented in Tables II and I1.

It should be noted that for the vegetation data of Table 1I single leaf

samples rather than stacks were rrohably measured, accounting for the anrarently

equal reflectance between sa-d and vegetation in the near infra (0.70-0.90

microns). In Figure 10 in the case of reflectance measurements frrm spectral

films it is exnected that the reflectance of vegetation in this region of the

snectrum will be sicnificantlv higher due to the transmission properties of

vegetation aq explained in section 4.2.3.

The fact that it was nossible to select dati from these diversified

measurements o" -eflectan-e which yielded an average reflectance with deviation

no larger than 30'. of the average, suggests that with appropriate classifications

of vegetation and soil, standard reflectance curves can be developed. Such a

task, however, is beyond the scope of this effort, but is definitely warranted.

For the 3-5 micron region standards are required, having known emis-

sivities and surface temperatures, in order to account for atmospheric attenu-

ations and to relate image density to object radiance, hater bodies are

likely candidates for emissivity standards, with associated temperature measurements

made by the use of an airborne 8-14 micron radiometer or dropable devices.
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4.3 Sensor Limitations

As indicted in Section 3.0, the sensor system itself, if uncalibrated,

can introduce t;ufficient error to eliminate all possibilities of obtaining

a film record which can be analyzed quantitatively for the significant differences

in terrain reflectance.

The Itek Model 002 Nine Lens Multi-band camera which was used on this

effort was tested prior to use in the field to determine, as closely as possible,

the precision which could be expected in ground object spectral reflectance

determination from a densitometric analysis of its film records. The results

of this test indicated that a precision on the order of - 6% of the mean

measured reflectance could be achieved. This was based upon the repeatability

of the "ocal plane shutter across the film format. The details of the test

are presented in Appendix C.

The IIAI infrared scanner used on this effort is designed to obtain

high quality records for qualitative analysis. The major problem with respect

to its use to obtain film records for a quantitative analysis relates to

the circuitry utilized in signal pro-amplification. The modulation of the

CR[ spot which exposes the recording film is a function of the voltage difference

between the instaneous signal received at the detector and a stored voltage

level for the previous scan lines(Ref. 17). Thus the density produced is

a function of the average scene radiance and should this change appreciably,

as from water tc land, the pre-aplifier will shift to maintain a pre-set

voltage range to the CRT.

To account for this occurence, a c.rnstant stepped voltage generator

,.vs ccnstructed to place a pre-amplifier voltage - density calibration wedge

on the f lrm record hefore and after each data run, and i. described in detail

in ?~endix ti.
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The details of the entire procedure for sensing in the 3-5 micron region

using the MIAI scanner are presented in Appendix D. Sensor technology

is improving at a rapid rate, however, it should he guided by improvements

in analysis technology. The results of this effort indicate a quantitative

analysis approach to terrain evaluation is more than feasible. However,

design criteria for sensors must change from obtaining a record which the

interpreter will analyze qualitatively to obtaining a record from which object

radiance can be easily related to image density.
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.. SI(;NATt~lZiS OF I!ARTIH OBJI:CTS AND BACKGROUNDS

The concept of spectral signatures of earth objects and backgrounds

is often narrowly considered to be the ability to measure the spectral reflectance

ronertics of objects remotely and correlate them ,'ith in sit,,; or laboratory

measurcmentC. Under this effort such comparisons were made with results

ranging from good correlation to essentially no correlation. Such results

were expected considering the effects of object surface structure and condition

upon apparent reflectance as well as the difference in the basic geometry

of the inistruments used to measure the reflectance properties. The best

of thc comparisns was for an area of sand (Ref. 16) on a stnbili::ed hech

as s,,'-n in FPi,irc 11.

The sample used for the laboratory measurements was acquired on 25 November

1 8 and had a moisture content, by' weight, of 6%. The change in reflectance,

after oven drying, is consistent with the changes one would expect from loss

of moisture as discussed in Section 4,2.4. The field photometer data were

acquired on 26 November 1968 after showers had occurred and over an adjacent

area of sand. The differences between the laboratory measures and the fielu

measure are not consistent ith a variation in moisture. The) are however

consistent with - possible surface structrP; in situ t easurenents of soil

reflectance were acquired over surfaces which appeared to he comnietely dry

as a standard field nrocedure. Therefore, the in situ measures should match

the dry sample laboratory measurement best. From the results of the granularity

experiment described in Section 4.2.4 one would expect a slight difference

in surface structure to result in spectral ratios between 0.90 and l.U0 with

the ratio being a constant or decreasing with increased wavelength. The

litter is generally the case for the in situ measurements of reflectance nn.I

the 'abOr:it-rv dr' qir'ple reflectance for the beach sand indicated in

Figure 11.

fhe s ~esurecnts made from the image density of sand on the Iulti-hand
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camera film were from the mission flown on 16 Ueccmbcr 1908 after

a period of considerable rain. These values are ratios of the apparent exposures

of the known reflectance panel on the ground whose density was closest to

an average exposure for the sand images times the known reflectance of the

panel with no corrections for differences caused by format position of the

images or variations in actual shutter speed across the format. Therefore,

they are not expected to corroJlte well with in situ and laboratory mea-ures.

Nevertheless, the general shape of the curve is similar to the shape of the

et:.er curves expect for the low value at 0.80 microns. Figure 13 shows a

second apparent reflectance curve for this same area of sand but measured

from different films obtained from twice the flight altitude. The shapes

of the two curves are much the same, indicating the camera system is consistent

and thus suggesting that the differences in shape are real and attributable

to the average reflectances of the micro surface features present o- the soil

surface (-ocontits, puddles of water, brush, wood, etc.) within the ! round

resolution element of camera system. Indeed, these curves may well be mor-

ropresenttive of the r flectance of the ima-e considered as sand hv the

interpreter than either the ln1ratorv or in situ measurements.

Three in situ measurement.q of ,,egetation are shown in Figure 12 togethcr

with a measurement from the spectral film densities for pasturerass and

a lai,or~torv measurement for milkweed. The in situ measures have a maximum

in the visible spectrum (0.5Op), a minimum in the chlorophyl band (0.08)/

) and a maximum in the near infrared (0.80v ) as do the laboratory measures.

The curve derived from the spectral film lacks the minimum in the chlorophyl

band probably due to the amount of soil in the ground resolution element

of the camera system.

Let us assume that indeed spectral measurements made in the laboratory

will differ from those made in situ and from those made from the measurement

of image density. Furthermore, let us assurme that the precision of the multi-

band camera system is as good as a laboratory spectometer. We must then

concern ourselves with how consistently the camera system will measure
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ground object reflectance especially when the system is used at different

altitudes.

Figures 1L, 14, and 15 show reflectance measurements for an area of

beach, an area of mangrove, and an area of pasture grass derived from spectral

films taken at different altitudes. The good correlation of the shape of

these curves from one altitude to another attest:; t3 the consistency of the

multi-hand camera system and the absolute levels to the affect of the atmosphere.

Under a previous Air Force program (Refs. 8, 9) CAL showed that the greatest

loss of image contrast occurs generally within the lowest 35,000 feec of

the atmosphere. In addition, below 10,000 feet there is little selective

absorption of different wavelengths of light by the atmosphere. The rate

of attenuation of energy is very high in the first five to six thousand feet

decreasing rapidly thereafter. Therefore a significant difference should

occur between the data recorded at 3000' and 6000', whereas a smaller difference

should be noted between the 6000' and 12000' (Figures 14 and 15) data across

the visible spectrum, as is the case. Thus the assumptions made above regarding

the precision of the aerial photographic method appears reasonable so that

without attempting to correlate aerial measurements of reflectance to laboratory

or ii, situ ll .asurerents of -"fiectance we can a-nl, thl broadirr cnn~ont of

snectral signatures directly to the aerial film records. Specifically we

can use image exposures (i.e. apparent reflectance properties) of objects

recorded on two photographic scenes simultaneously to produce additional

visual scenes, with spatially distributed ratios, sums, products or differences

of exposures for all objects in the scene.

5.1 Bi Band Analysis for Terrain Signatures

As indicated previously in Section 2.0 CAL has developed a bi band spectral

analysis technique which encodes water, soil and vegetati,,n in specific density

ranges on film. The process consists of reversing the 0.t,.J band photograph,

registering it with the 0.80p band negative and contacting the pair onto

copy film. This is essentially equivalent to dividing the image exposures
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ill o.lca tihand l\ fihe other, wa ich of Course thle mnrc prteo calmont do 11il a 1t \O 'N

;i 1though hie c:an inte rpre t the prodhuct (it thle kdiv i mni. 11 u

a eac t est S It L (IS'~ 25~ 4( 0to, 0 i1 PLcI' t i R f~ IW CUhe On cneti

I'llu'-N fi 1r: and a] pQsit1VC Print Of 'lhe SCeneC if n) unch rc fctnc hI
!di eji 11we seconqd 3tcp n thie process is to di ethe scene on theo

'o'N% f Ir mu S i tip a fIll gw s pot -sc anlner or ot her sini table c r ect rn-o t i calI dovi ce

i ave the caoputl:r ,nrintt Out aI Oitra f Ithe, diStribiution' of th)c- velv

( re flectance raitiris) in thle scecne is shown in :.'gLre 17. 1 reml- this Lis tog railu

andL .1 visual interpretation of thle copy scenec, i-ray level rangecs are sc lected

h nappear to represenit a ait r, soil1, and vcgemttion, a .Q. ra 1, 11,

aind Ill on I i eUrC 1 7. 1he computeor the n di rec ts a fily t u pot scne to-

print hack onl fill- thle thlrc density ranges as separate visual displays .

The resiul ts of this step are s;howni in Figure l.S . Comarisoni afthe dis;,lays

to the convent ionai Pllus - w ill reveal Juoi good t!-.0 selec ion of Lland. was

in ,cparating thle hasi mnvironmental feutni es. Featitres inl shadows will

haveL ai different ratio than the sam.- Ieatures in suni a tlt 1ecause of the

1i f fercnt -snectral irradiarce distri'nition. However, it may he possi' 1e

Wi ti adda tional research to *Aetoriine a spectral preprocess techni quie to

haive the comptr/flyinp, spot scannei adjust the~se ratios to thici r proper

valucs in sunlight.

ihe huistogramr of figuire 17 is truly a gross spectral signature of a

terrain environment in thi.t the aroa contained within each gray 1cvei rdu

is directly proportional to the arca of soil, water and vegetation in the

scene. Thle distribution of reflectance ratios (grey levels) will shift accordinug

to the relative areas of these features on the surface. If all ratios occur

in the low reflectance ratio rzage -che terrain environment Is a body of water- land

or ice, where as a peak inl the low range ind a sulbstantial urn inl thle

mid range could indicate a glacier at latitude- a4bove the tree lire or coastal

contact in arid latitudecs. A" peak iii the mid range indicates a desert, whereas

a peal, at the for end of the vegetation range indicates a lush foresf. CouisiderabieI . research is still necessary to develop this methodology into a refined spectial

signatulre, however, even in its present state it i5 considered a1 ouloir LOntribution
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tow i- , tis yi iT th A r or e's ur c-it cu f i- i~ct .,
of teriin

(oI Sard s hown f in Fig th A or s r ess foidcc ldnit :I'e . ino .It lol

renatie tine,, .iffree witto the ietlnoIOyiscto p wiitho repc ntro -,he~ I r clsse

of naturai earth objects, water, soil and vegetation. In tile water Class ,

the differences will be related primarily to structural differences (st,,

state) in the surfacc- because the two spectral bands uscd do not penetrate

water to any appreciable extent . Should algae t looms or arcas; Of turlhidi tv

(created by soil eros iori) be prCS~ri theCSo too will affect the g'rey level

in the water range.

In thle soil rangec Fipuic 19 thle differences will he related to: a) the

amounts of surface moisture present; b) small amounts of vegetation covecr,

aiml tree shadiws and areas of hirih surfacc moisture .

Intevegetation range, the differences will be related priimaril)y to

i~lnt igo, cownStrl~~re an peccnapeofsoil/vagetationi in orouind

resolution elemrent for Pgrasses.

As pointed out in section .1.2.4 granularity differencCes in Soils- do

affect the spectral reflectance properties in different bands different ly.

Therefore, applying the methodology discussed above to bands other than tho

.65 , andi 0, 8Oj, !,ands may inideedl piuvide additiorial spectral signaturcs for.......

other physical propertie's of terrain.
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Spectral irradiance at ground level was measured in tile field using a

CAL designed and fabricated, filtered photometer system. F igure A-1 shows the

face of the data panel which was photographed using a motor driven, 250 exposure,

Nikon 35 millimeter camera. In addition to the 10 irradiance meters, the panel

includes wind speed and direction meters and a clock. Cycle rates consistent

with the multiband camera rates were used during flight tests. Irradiance was

also measured when insitU measurements of reflectance of ground objects were

made with the CAL spectral reflectance photometer,

Approximately 1500 -35mm frames of irradiance data were recorded during

the field test, under conditions ranging from clear sky to heavy overcast.

To reduce the raw data, all photo frames were read under a micro-;copc

aod the 10 irradiance readings, the clock reading and the wind speed and direc-

tion readings were tabulated on data sheets. To convert the metzr readings to

energy values the calibration curve shown in Figure A-2 was used. The curve

was derived from the slide rule converter supplied with each meter by the

manufacturer. In reducing the raw data to determine the irradiance conditions

encountered throughout the test, it was noted that erratic results were obtained

after 8 December 1968, from some of the meters. However, by comparing the

readings in each band prior to 8 December 1968 with the readings after 8 December

1968, for all meters at the same levels of total irradiance, correction curves,

such as the one shown in Figure A-3, were obtained for those spectral bands

which appeared to give erratic results. The cause of this problem was traced

to moisture entering the detector cell.

From the raw data for ten different days between 23 November 1968 and

14 December 1968, the meter readings for each spectral band, during a period

when the total irradiance was relatively constant, were converted to energy

values and averaged. ihe ratio of the values of irradiance, used by Keegan

and Gates (Reference 13) for direct sunlight to the maximum values measured

by CAL instrumentation were computed as shown in Table A-1. These ratius were

then used to normalize the CAL measured spectral irradiance data, at different

levels of total irradiance, to the curve used by Keegan and Gates. The resultant

irradiance curves are shown in Figure 2, Section 4.1 of the text.
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Because relatively few data are available on changes in spectral

irradiance compared to simultaneous changes in total irradiance, the data of

Table A-i were further reduced to ratios of changes as shown in Table A-2 and

the results plotted as a correlation graph in Figure 3 of Section 4.1 of the

text. Figures A-4 through A-11 are curves for each band across the visible and

near infra red spectrum. Several interesting effects are noted from these plots.

First, in the case of blue light (O.45iuband) the majority of points

lie above the one to one correlation line indicating the percentage change in

irradiance is practically always larger in the spectral band than the percentage

change indicated by the total irradiance measurement.

Second for the 0 .50 t though 0.80,* bands the spectral change is

generally larger than the total on bright, direct sunlight or scattered cloud

days until the irradiance drops to approximately one half the peak values at

which point the change is generally smaller for the spectral irradiance than

for the total.

Third, for over-cast days the spectral changes are generally smaller

than the changes in the total irradiance.

Finally, the changes in the 0.65,,A band appears to most closely corre-

spond to the changes in the total irradiance.
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I. INTRODUCT ION
I

l)uring tile course of this effcrt a considerable amount of spectral

retlectance and other data related to earth obiects has been collected. Some

has been used in the limited analysis. It is tile purpose of this appendix

to compile the remainder of the raw data. To make it as useful as possible,

it has been organized on the basis of the latitude and longitude of the

location on the Island of Puerto Rico from where the data were acquired. The

relaLive locati,-ts are shown on the map of Pue.rto Rico in Fiiure B-1.

The data ;ncludes: 1) lotat diffuse reflectance measurements using

i -eckman i)K-2.\ spectrohatometer; 21 In situ reflectance using a CAI, designed

filter photometer; 3) Reflectance data from spectral film density; 4) Soil

granlarity data; and S Soil moistu-e data.

Soil samples were collected primarily from the tot two inches of the

Sturface of soil areas. They were placed in air tight plas-tic Lags and returned

to the loboratory. Small amounts (about 100 grams) of the samples were placed

in 2" x 2" x 1.2" plastic spectrometer sample holders for reflectance measure-

ment. Thesc measurements are referred to as "Bog" measurement indicating the

moisture content uas at the in situ state of the day obtained. Water was then

ai,ded to the sample holder and time allowed for the soil to satarate. Measure-

ren',ts in this state are referred to as "Sat." measurements. A few samples were

first dr ed in an oven at 105 ° to obtain "Dr'" measures of reflectance, then

saturated and redried in steps to determine the change in --eflectance with

change in moi!nture content. For these cases, thle actual moisture content by

woight was icasured and is shown with the tabulated reflectance data. F requent

references (16) are made to the soil survey ot the island of Puerto Rico conducted

hy R.C. Roberts from 1928 through 1930, in which are found descriptions of the

seils whose refiectance properties were measured on this project.

Also reference (18) are made to the grassland survey of Puerto Rico

conducted Ihv Ovidio Garcia-;cl an for descriptions of some types of vegeta-

tion wlhose reflectance properties were measured on this project.
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2. PUNTA PICUA 180 2S'N - 650 46'W

Because of its complexity of backgrounds and soils, this site was the

major site from where samples were obtained. Figure B-2 shows the basic land

forms of the site; 1) the Atlantic Ocean shoreline; 2) the beach; 3) the

mangrove, 4) the coastal plain and 5) -he Tuffaceous sandstone hills. A

ground control target array was emplaced at LOCATION 1 and data were recorded

at this location as well as at positions designated by other arabic numerals,

hoth on Figure 13-2 and indicated in tables.

2.1 Beach

The laboratory measurements of sand reflectance were obtained using a

Beckman DK-2A spectrophotometer. The sand on this beach is described by

Roberts (lo) as either Palm Sand (Pb, pg. 344) or Catano Sand (cd, pg, 343).

Roberts indicates -he former contains one quarter inch rod like shells, where

a the latter does rot; the former is yellow whereas the latter is gray. All

sand samples from this location had rod like shells and were yellow in color

and have theiefore been classed as Palm Sand, although a difference in reflec-

tance was noted between sand samples from the active beach (2) and the middle

of the stal'il, ze'd beach (4), i.e. the beach surface covered with vegetation.

B

Ii
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ATLANTIC OCEAN

(b)2 -

MN UROV

COASTAL TO LUQUILLO
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SANDSTONE

H ILLS
(KT)

TO MANEYES
(ROUTE 968)

Figure B-2 PUNTA PICUA SITE
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TABLE B-i LABORATORY REFLECTANCIE OF PALM SAND AT PUNTA PICUA (Pb)

((-/17/68) (11/23/68) (11/25/68) (11/26/b8)
A SAT. DRY BAG SAMPLE DRY BAG SA1PLE DRY BAG S.AIPLE DRY

.4 4 12 7 9 7 9 4 9

.,5 6 IS 9 12 9 12 5 11
5 7 18 II 14 11 14 6 12

.55 14 21 16 19 16 20 8 15

.0 18 26 21 25 22 25 11 19

.05 20 29 24 28 25 29 13 21

7 21 33 27 31 29 32 17 26
22 30 34 31 35 21 31

.8 23 36 34 37 34 38 26 35

83 24 37 -

.9 25 38ILOCAFION -2 3 3 4
(11/25/68) (11/23/og8) (6/171/68)

A BAG DRY SAT. DRY SAT. DRY

.4 4 8

.45 6 11

.S 7 12 8 13 8 17

.5S 12 18 13 20 11 21

.6 18 24 19 26 13 25

.65 20 27 22 30 17 27

.7 23 30 25 33 18 29

.75 2( 33 28 35 19 30

.8 28 35 29 38 20 32

.85 - 30 39 21 33

.9 - 30 40 21 34
LOCATION 2 3 2

B-li
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In addition to laboratory measures of reflectance, in situ measures

were obtained at the locations indicated above using a CAL designed filter

photometer.

TABLE B-2 IN SITU REFLECTANCE OF PALM SAND AT PUNTA PICUA (Pb)

A (12/1/68) (12/1/68) (11/26/68) (11/26/68) (11/23/68)

.40 12 - - 11

.45 11 9 4 9 13

.50 10 7 4 10 13

.55 18 9 8 lb 18

oO 23 11 12 22 17

.bs 30 16 19 27 27

.70 29 19 16 31 28

"S 31 24 20 34 31

.8u 32 26 31 35 34

.85 34 28 28 36 -

LOCATION 4 4 3 3

The measurements of the reflectance properties of the palm sand from

the arical, spectral films were presented in the text in Section 5 and there-

fore are not repeated here.
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The distribution of grain sizes for this sand was obtained using a

standard sieving procedure, and is as follows:

PALM SAND GRAIN SIZE DISTRIBUTION

Sieve Size '

> 2mn4

1-2mm

0.5-1mm 1

0.23-0.5mm 61l

0.12S-0.2Smm, 35

0.062.0.125mm2

(3.002mm 1

The moisture content by weight varied from a maximum of 32%. for

saturation to a low of 1'% for the sample obtained from location 2 on 11/23/68

in the evening.

SAPLE LOC..\I!ON %MOISTURE BY W~lGili

2 LABORATORY -SATURLAT ION 32--26

2 (11/23/68) PM1

3 (11/25/68) PM 6

2 (11/25/68) PM1

4 (11/26/68) PM 1

B-13 -



Laboratory measurements of leaf reflectance from vegetation cover over

this beach were impractical in that neither the geometry nor the plant vigor

could be retained. In situ measures were recorded. Some appear in the te.xt

and the remainder are presented below.

TABLE B-3 IN SITU REFLECTANCE OF VEGETATION AT PUNTA PICIRA BEACI

A 11/23/8 11/26/68 11/26/68 11/26/68 11/26/68 11,2./o

.40 2 - S -5

45 4 3 - 2

50 4 3 4

5S 7 10 9 9 li

O S 9 S 8 3 5

.o5 4 12 4 3 15

.70 10 16 11 17 4 26

75 28 31 54 47 21 58

.80 35 45 so 45 29 48

.85 44 36 43 53 2 62

LOCATION 4 Coccolobis S Sporobolis S Remirea S Low 4 Coccolobis 2 lpomoca Pcs-

Uv'fera Mart ima Grass tivifera Caprae-bay

Woody Plant fufted Grass Sedge 1oody Plant hops vine

B-1
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Rain occurred frequently throughout the test period in the form of

short showers. The following data were recorded from the rain gage at location 1.

Date 'rime Rain Depth Accumulation

11/23/68 Set up 0"

11/25/68 1440 0.03"

1I/26",'8 0815 0.03" 0.0o"

11/26/68 0827 0.045" 0.105"

11/2o1/8 1000 0.060" 0. 160"

11/2 /s 0930 1.400" 1.5o0"

11/27/68 1130 1.000" 2.569"

i1/30/t8 4.33" 0.890"

12/1/68 0.09" 6.98"

12/2/68 0830 0 6.98"

12/2/o3 1030 0.25" 7.23"

12/2/CS 1100 0.05" 7.28"

12/3/68 0200 C.,4" 7.32"

12/4/68 1000 0.11" 7.43''

12/5/68 0800 0 7.43"

12/9/68 1100 0.01" 7.44"

12/10/68 0930 0.04" 7.48"

An excellent reierence (20) to rainfall and soil moisture conditi,-qs

across the island of Puerto Rico for 1955-1956 is available in the scientific

literature.
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2.2 NIANG ROVE

A partial ly drained mangrove swamp occurs between tlhe beach and thke

coastal plain. Bec~iusc of the drainage dIitchus which have been emplaced to

drain the swamp, few large areas of the highly interw-oven complex of root

systems so typical oi mangrove swamps remain. Hlowev-er, at location 6,

Figure B-2 such a situation was presenr.

Two samples of tlie soil (muck) were acquired and theiu reflectancc

properties measured in the laboratory.

TABLE B-4 LABORATORY REFLECTANCE OF SALADAR MUCK (Sm) IN NL\NGW V b

ASAT. DRY SAT. DRY

2- 3

.45 2 6 37

.5 1

.55 3 8 49

.6 4 9 S 1;i

.o5 4 10 6 12

.7 6 12 S 14

.8 18 15 91 13

.78 10 17 1 18

Ii-1I



No ins i t measurements of the soil reflectance could oce ohtai ned h'e-

causv o1f the extrml lo gliht level under t-he mangro e e ;m~oj)Y Anl in1 sitaL

measurement was obtai ned for a fresh cut, high decnsity sample of leaves from

thQ mangrove trees per sc, and is tabulated below.

'IA B! P 1-S 5 ISIF RLF-LECtTANC P OF: MANGROVX' I I.AVL S

V.ALNII (1 2 / 5/) 8 WAVE 1, NlAI (1I 5/oI

.45 lo

I-0-'i ION I

Al though there aippedre1d to 11e three rathter di stinct Ieve Is ofI

llbingrovc trees whichl may have related to the three species of mangroves

kiiowi to he~ present in Puerto Rico, , i e. Black Mangro\ e, Avcein litli

white mangrove, Laglac uhri ai racemasa ; and Mlangrove, P1hi zopiloria mangle,)

thIii was not establ ished in theo field.

The spectral reflectance values for mangrove were also derived from

tile spectral films and are presented in Section 5 of the tcxt.

Roberts describes this soil as (1)Coastal Swamp), poorly drained,

black, 1mostly organic materials, S'al adar Much ~5 ~.A detailed description

can he found on page 35(j of Roberts s urvey.



Fa

2.3 Coastal Plain

From the mangrove to the contact with the slope of the tuffaceous

sandstone a coastal plain. The soil in this plain is classed by Roberts as

Coloso Silty" Clay (cp), a poorly drained, brown, plastic, tuffaceous material.

A complete description occurs in his survey on page 330. The area is presently

being used as a pasture and is covered with pasture grass or in areas still

subjected co flooding, tussock grass.

Although few areas of bare soil are present in this area, sol" sarplcs

were collected and reflectance values derived in the laboratory.

TABLE B-6 LABORATi ,Y REFLECTANCE OF COLOSO SILTY CLAY (cou

(o/ V,/ 8)(12,,/1/08) '2," 1,', u )

A SAT. DRY BAG DRY BAG IflY

0.4 8 4 13 4 9

.45 4 11 3 14 5 11

. 12 o 13 3 2

714 7 In 6 157

.6 8 16 8 18 7 14

.65 9 18 9 20 8 11)

.7 11 20 10 22 9 18

13 22 11 24 10

.8 1s 25 13 2o 11

.85 17 27 - -

.9 19 29 - -

LOCATION 7 1 1'

'lite 30' from 1, but had be'n hosed do.;:i for 30 miiutes prior To t;aking >:iaj I,.
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In situ measurements of soil reflectance were obtained on a surface

exposed as a result of cattle moving across the coastal plain. Its geometry was

altered each day by hoof prints and surface moisture. Nevertheless the data

arc presented below.

l'ABLl 1-7 IN SIlt IIIt) TANt nF COLOSO SILTY CLAY (cp)

112/1,/' ) (1 2/1/68) (12/,9/,8)

.43 3

S S

.0 2 9

u5 o ]0 9

-6 S 11

17 9 17

. 15 12 1

.85 17 12

LOCATION 888

RAINFALL
(ACCUMULAI-EU b.98" 7.43" 7.43"
RLADI NG)

It should be noted that although the above tabulated data do not

correlate well ,ith each other there is a definite trend associated with the

rainfall data presented e.arlier in this appendix.

No areas of bare soil, of sufficient size for deriving meaningful

measurements of reflectance from the spectral films, were imaged from the

ninimum flight altitude of 3000 feet.
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*rhe identification of specific grasses within the general class called

Pasture grass was not possible, primarily because of the heavy grazing which

occurred. Although the time of year was correct for distinguishing between

Carib grass and Para grass the effects of hea,- grazing precluded such ident-

ifications.

Again, only in situ reflectance measurements and measurements from

spectral film density were feasible considered geometry and plant vigor. The

reflectance values derived from the spectral films are presented in the text,

aiong with some of the in situ data. The remaining in situ data are prescntcd

below.

TABLE B-8 IN SITU REFLECTANCE OF PASTURE GRASS ON Mj,1S, SILIY CLAY (cp;,

A (12/1/68) (12/4/68) (12/9/68) (11.'23//8 (1_2,,5, 328

.,. 1 3 3 -

.45 4 3 4 3 4

4 3 4 3 5

9 6 8 12

.6 7 8 10

.65 6 8 9 4 10

14 10 10 3-

'IS 34 33 45 48 53

.8 48 43 48 43 70

.85 58  48 33 46 90

LOCATION 8 8 1 1

Peotected from grazing.

B-2U
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TAIII I. B-9 I.N SITU RII.IICTANCIL OF TUSSOCK GRASS ON COI()S} SIITY CLAY (cp)

(12/1/68) (12/4/68) (12/9/68)

.4 4 2 2

.45 3 2

.7 7 5 3

.55 8 6 ,

•09 6 4

.65 117 3

.7 14 10 11o

75 221 21

.8 .3- 23 32

.85 41 22 34

LO(:ATION 8 8 8

T1h0 variability in in situ measurements of vegetation is expected to

be large. The primary reason for this is that unless the vegetation is a low

surface grass, such as at Location 8, it is extremely difficult to: a) define

the surface being measured and b) to insure that the relative distance be-

tween the photoneter and the surface being measured is maintained a constant,

throughout the measurement period. Nevertheless, the data above in several

cases shows the vegetation trend, ie. a peak, in the 0.55 a green band

a minimum in the 0.o5 a band (chlorphyl band) and a maximum in the 0. 70 -0.85

/x bands (near infrared).
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2.4 Tuffaceous sandstone Hill and Contact With Coastal Plain

Location 9 is on the contact between the coastal nlain described above

and an area of tuffaceous sandstone hills. One, highly disturbed area of soil

was found in which the soil appeared more brown in color than tile samples of

Coloso Silty Clay taken from Location 8.

TABLE B-10 COMPARISON OF REFLECTANCE Or SOIL ON LANDFORM CONTRACT, TO COASTAL

PLAIN SOIL AND (cp) TUFFACEOUS SANDSTONE OUTCROP (kT )

A CONTACT COASTAL PLAIN OUTCROP

.4 3 3 6

.45 4 4

.5 4 4 7

-5 S 5 6

.6 6 7 12

.65 7 10 19

.7 9 8 14

.75 11 9 19

.8 13 12 20

.85 14 1217

LOCATION 9 81

An in situ measurement of the surface reflcztance was recorded (9)

and is compared to an in situ measurement (8) for Coloso Silty Clay and an

outcrop of tuffaceous sandstone (il) all obtained on the same day. The

higher overall reflectivity of the tuffaceous sandstone outcrop is obvious from

the data as i.s the large increase in the red region of the spectrum 0.60 -

0.65, . However, the difference between the two soils is lost in the precision

of the measurement, even though the eye could detect a subtle difference in

the field.

B-22
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Other in situ measures of pas;ture grass on thc slope of the tuffaceous

sanidstone hill (1(0) and over a hlighly weathered tuffaceous sandstone bolder

are presented below in T'able R-11. [
IABLL B-i1lIN Slid RELTECTANCE OF TU[FACEOUS SANDSTONE HILL AREA

Tuf faceous
Sandstone Bolder Pasture Grass Bamboo

A. (12/4/68) (12/9/68) (12/4/68) (12/9/68) 12/4/68

.4 4 -34

.45 4 4 3 44

.S4 4 41 3

.55 6 6 6 7 13

6 S 14

65 7 11 73 10

*9 710 -21

73 15 8 33 -40

.8 14 11 35 -51

.8S 19 16 40 - 53

1.OC.k[JlON 10 10 10 10 9

Palmas Altas Clay Area (Pm)

lo the west of the test site at location 12 is a small area quite

apparent from its lighter tone on the conventional aerial photograph. 'I'hle

area is mapped by Roberts, to be Palmas Altas Clay (Pm) very similar to

Coloso Silt% Clay but more poorly drained, black and more saline. A full

de::cription is given onl Page 348 o f h is s urvey.
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In situ measurements were made of the soils reflectance properties for

comparison to the in situ measurements of the Coloso Silty Clay and in situ

vegetation measures were also recorded. The data are tabulated in Table B-12.

TABLE B-12 COMPARISON OF IN SITU REFLECTANCE OF TUSSOCK GRASS

ON TWO DIFFERENT SOILS

1 Palmas Altas Coloso Silty Clay Tussock Grass Tussock Grass
Clay Palmas Altas Coloso Silty Clay

.4 3 7 -2

.45 10 S 6 2

.5 9 4 4 3

.55 12 7 9 6

.6 13 9 11 4

.65 17 9 8 3

.7 16 11 13 10

.75 17 17 56 21

.8 17 18 50 32

.85 22 56 34

LOCATION 12 8 12 8

As expected because of its light tone on panchromatic film the Palmas

Altas Soil and vegetation were generally better reflectors across the visible

spectrum than the Coloso Silty Clay and Vegetation. In the .65/. band which

indicates vegetation vigor the tussock grass over the Paimas Altas Clay showed

a reflectance of almost a factor of 3 higher than tussock grass over the Coloso

Clay. This is probably due to the salinity of the soil retarding the grass

growth. In the near infra red it still maintained the typically high reflectance

for vegetation. Generally, the near infra red reflectance for plants drops when

growth is retarded, however, this is not always true.

Other measurements, such as surface temperature and moisture contents

of soils were made at this site, strictly for a quantitativc analyses of

the spectral films and are therefore of no general value and are not included

in this report.

B-24
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3. 1:1. YUNQUE RAIN IORLST SITE 18018t 6S°47%'I

'ihis site is located close to the highest elevation on the island of

Puerto Rico. As pointed, out hy Briscoc (22) the vegetation at this elevation

is much smaller than is normally expected in a mature rain forest, probably due

to the almost continuous cloud cover present. Others refer to this forest as

a cloud forest rather than a rain forest, and apply the term rain forest to

the lower elevation Tabonuco forest which indeed has tree heights and diameters

more consistent with rain forests of Southeast Asia.

The topography of areas such as Li Yunque make the development of a

ground transportation system ext-cmel'y costly. lhe continuous poor weather

conditions preclude the establishment of an effective air lift support system,

hcre it may be imperative to emplace a support facility in such n;n environment.

Because of the continuous poor weather, it is difficult to obtain remote sensor

data over such an area. Finally, even if such data are acquired the canopies

provide natural camouflage of the soils below, which are of primary interest

to the terrain analyst.

If on the other han., relationships could be established between tree-

reflectance and soil environment below, remote sensor spectral data could

coiceivabiv be useful in terrain evaluation studies. Therefore an attempt

"as made to collect both aerial and ground data from this site. 1owever, onlyv

one aircraft mission over the area 1%as possible because of the cloud conditions,

and ground reflectance measurements were precluded because of the low illumination

level resulting from the cloud condition and dense canopy. Nevertheless,

the control panels were in place at location 1 as shown in Figure B-3 so that

reflectance data can be derived from the spectral films.

Because of camera exposure problems (shutter banding) a preprocessing

procedure beyonj the scope of the present effort is roouired to correct

differences caused by banding for a quantitative analysis of this film.

lorthermore, the soils data available in the literature (10), on the site area, -

Ih- 2S.
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Figure B-3 EL YUNQUE RAINFOREST SITE



is too general to be useful in establishing any ccrrelation between soils and

vegetation.

In situ reflectance measurements for Bamboo and cl'aring grass in the

vicinity of the control panels (1) were taken and are presented below.

TABI: 5-13 IN SI'lU Rb FLLCTA;CL OF 'IL;ETATION AT El, YUNQI:I

(11/30/68)

SBamboo Grass

.40 3 6

.45 3 6

.•50 4 4

S11

.60 10 9

.6S 4

70 13 14

1 LOCATION 1 1

B - 27 
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4. SALINAS SITE 18°01'N - 660 18'W

The site is on the south shore (Carribean side) of the island. It is

a savannah environment with the typical acacia trees and guinea grass the pre-

dominant vegetation of the area, Both sedimentary (limestone, sandstone, and

shales) and volcanic (tuffaceous) rocks are present in the area. The soils

are predominantly clays, however, some contain appreciable amounts of sand

and stone fragments. The site is shown in Figure B-4.

Laboratory Reflectance

A soil sample was acquired from locations I and 2, shown on Figure B-4.

According to Roberts, these soils are: Amelia Clay (Aw) and Yauco Clay,

Coiluvial Phase (Yo) and are described on pages 263 and 259 respectively in

Reference 16. In addition, two samples of soil were obtained from a road

cut in an area described as Descalabrado silty clay (Do - page 240) just

to the north west of the area shown in Figure B-4. The refleccance data fc'r

these samples are presented below.

TABLE B-14 REFLECTANCE OF SOIL AT SALINAS

\ , Aw Yo " 9:c "lil

:1 3 R ,[ Ii 2,r!.:. ''

t43 2 17

.5: 3 ,. I5i ".

.35 4 11 22 2"II!

2)o1 Ii 1 27 o 7

, 1 1) 3 23 7

-., 1)5 ] 35 3 ii 2

" t " 2 U> U)-2

B-28
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The sarple of Yauco Cia' tYo) was thoroughly sieved to the distribution

i,'icated belo', and t'ie reflectance of each sample of different grain sizes

measured a- indicated in the text.

TABLE 3-15 GRAIN SIZE DISTRIBUTION BY WlIGlI[

Grain Size '2nm 1-2rmm 0.5-1nm 0.23 0.Smm 0.125-0.25mm 0.062-. 125mm.: o.o62mm

VAU0  CLAY 37 18 17 12 9 -

-M-ELIA CLAY 56 1' 12 2

Although classed as a clay I,\ Roberts, he notes the presence of limesto;'e rcck

fragments in e Yauco Clay, col luvi al phase, and granular materials ii the

Amelia Clay.

In. situ measu;re:, of reflectance ,,-ere ailsc rade a: loctio.2 and

1 wef West of the area covered b Fi gtre is- I.

[.\t \ + l-l 1% SI ' ll 1I:1,l: : , NY!: 0I O "A S\LiXS

A (1 2,-,6,) (1.'25/65) (11/25/65) (12/8/68)

•.40 1 1 6

.45 1,0 I t 1 2-1.3

.-0 6 1 2 13

.5s 9 2 4 19

.66 11 S a 23

.65 12 12 8 --

0 71

5  2- b3

SMO 21 11 o 3

.s 13 21 3

5s . 1l t L iie) L "a" ',1."':", (.Ye,

ii- I'd

I



(ood ,iccrIT'IIt is showIn I)Ct.,IwJ. the in -itu refletaIec (jab,> !1-10)

Lnd laboratory (lable ii-1 1) measurements of reflectance for thc: Ywuco(YC) r"i cle

th Des cal ab rado Silty Clay (i)e"." and "B''! sho, the effects of s ':rfacc Itf:, t ur.

three additional in situ reflectance measures w re taken at location 3

a> sho;ii on Figure 13-4. One was over coarse gravel icobbles in the dry rivet

bed and the. otiers were on an erosion slope adjacent to the river. The former

is designated as Rv bI% Rob'erts and is described on page 278 ci lis report

[A- .l 1;-17 IX SI 0 II.I1C.\XC RI AI.iL',IA.SOIS A1 SAIN:.S

i.oama Silty 'i.v 1 'os) river '\asii (1v)

IErosion Surface

;rari-ular Chaps flat Cracks Co-bbIs

a6
214 12 II 89

: 202 : 13

* nO di)13

05 19 .3 12

-'-29 lbI
SrI ,1(1 8 2] -

1.',: ,",,f i?' -N3

INta

!.31



Most of this area is either grassland or planted to crops. One in

situ measure of the grass at location I was obtained.

TABLE B-18 IN SI-IIJ RIFMI.LCfANCE OF GRASS ON AMIi. IA CLAY

A1 11/28/68

.40 3

.45 12

.50 11

.55 11

.60 12

.65 22

* '0 16

75 37

.80 31

.85 30

LOCATION I

F 3

[i



CABO) RAJO l7 '8SN - 7GC3WI

On the extreme south west tip of the islanid Of Pue~rto RICO is a liP.e-

S toll,- promon,)Itory On Which a light houseIS is lo-zatc'J, Cabo) Rain). This area Was

not selected as a site for detailed study, but was visited during a site

unspec:tionl trip inl Junle of 1968. A. sand sample was obtained from th2beach

it jocation 1 as shown on figure B-S. The sample was saturatel , ith water

and dried inl a series of five steps, with reflectance measurements mrade at

eacth step. [Ihe results are tabulated below. Roberts classi fies this sand as

.iaucas Sand and it is described on page 3VY; of his report. The white coral

7fragrciits ot trins sand e xplain its unusuially high reflectance relative to

other sands of the island. Another sample was sieved to obtainI the distribution

of gr-ainl sizes sholwn below.

'IABI.1' B-19 REFI.LCTA-NCE OF JAUCAS SAND)

TA L I2 G*.,* SI- -jT I LlI N 0- -AJA, _

- '..C...S

V* J.)
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Figure B-5 CABO Rojo
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b. LAS MILSAS 18611'N - 67006'W

In the west central part of the island is a unique latosolic soil,

namely the Nipa Clay (,c, , bv Roberts (1). A large area of the soil occupies

the croewn of a hill known as Las Mlesas south east of MayagUez, Puerto Rico

on Route 349, as shown in Figure B-o. Roberts also indicates a large area

of the soil being present near the coast south west of May ag~iez. Associated

%,ith this soil is a silty clay, Rosario (Rs) by Roberts, which even he indicates

to be vcrY similar to a shallow phase Nipa Clay. There is sone question there-

fore betieen soil scientist as to the validity of the separate classifications

for these soil-;.

ThreC -amples of surface soils were obtained from different locations

on Las Mesas, as shown on Figure B-b, 1, 2, 3. The laboratory reflectance

rcsurements for these sampies are tabulated below,

TABLE B-21 ..,BORATORY REFLECTANCE OF NIPA CLAY AT LAS MESAS

1 3I

-, 4 ,I.1

-,I -. 5-

I.- - S -;

-, .' 7 - -2, - 2.

'- I., -: i " ' 2 " .- -

7: 2 1 ."2 I"

- J .--- ' .



TO MAYAGUEZ

Figure B-6 LAS MESAS SiTE
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In addition to the reflectance measures above, the 6/18/68 Sample 2

was sieved and the fol',:ing distribution of grain size obtained.

TABLE 8-22 GRAIN SIZE DISTRIBUTION OF NiPA CLAY

Sieve Size 2 mm 1-2 .s-lrm .25-. Smm .125-.25mm .062-.123mm 0.02mm

S'eight 0.1 4 4 25 31 22 15

This distribution agrees within 14% with the findings of Roberts.

Seventy one percent of his sample taken for 0-5 inch depth fell betwecn

2 and 0.05 millimeters as compared to eighty five percent for tis sample.

;At a road cut, location II, a shallow (0-S inch) yellow; soil was

noted. 6ecause of its sharp contrast in color to the red Nipa and Rosairo

soils of the area it was indeed a curiosity; so a sample was obtained. The

results of the laboratory measurements of Reflectance are tabulated below.

TABLE B-23 REFLECT.NCE OF "YELLOW" SOIL

. Sat -8Cm If 0 -15Gm H20 -19Gm If 0 DRYSat 2

.10 8 6 4 7 14

4; 14 10 8 13 20

.so 18 13 11 17

.55 33 28 24 31 42

oO 41 37 34 39 49

.63 12 37 34 39 49

70 ,45 40 37 43 52

S 49 45 41 46 56

80 53 49 46 51 60

t 85 58 33 so 5 64

90 62 37 34 O

B- 37
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It should be noted that with this soil as well as other soils cuntaining

mostly fines, that surface cracks develop in the sample surface upon drying.

These tracks act as light traps lowering the apparent reflectance of the sample

below that measured for the saturated state. This is another case which points

out the importance of the surface structure to the understanding of the re-

flectance measured for a surface.

In addition to the laboratory measures of reflectance, in situ measures

of soil reflectance were also recorded, and are tabulated below.

TABIA: B-24 IN S ITU RL:IIIANCF : IATOSOLIC SOIl

(6/18/68) (11/29/68) (12/14/68) (12/14/68) (12/ 1./()

.40 5 4 2 2 4

.45 6 5 2 3 -

.50 6 , 5 2

.55 8 11 4 6

.60 11 8 1o 16 7

.65 13 12 13 ]9 9

.70 18 13 14 2S 12

. 75 20 16 IS 31 12

.80 19 20 22 33 14

.85 30 4 30 22

LOCAT 10N 3 1 1 *

• Light surface highly weathered outcrop

** Dark surface highly weathered outcrop

h-36 I



At location 4 on figure B-6 an outcrop of serpentine (k) occurred.

According to Briggs and others, this unconformity of rock forming mineral
undrljies the eitire ridge known as Las Mesas and is the parent material of

the Nipa Clay (Nc) which caps the ridge top. .\ sample was o btained and .

rIe flcctance measures rin in the laborator-. The results are tabulatel h el ow:

"ARIA: B-25 01:FNCF 0F SLIRZINII.IN ( s)

Fresh Face Samples Iron Stain Samples Yellow Inclusions
A

.40

.45 ...-... --

:50 14 15 18 19 7 9 16 20

.55 1 17 iS 20 10 12 2o 28

.60 1 19 18 20 15 16 33 32

o_; 16 18 17 19 16 17 32 30

70 16 18 17 18 17 17 30 27

16 is 16 18 18 19 30 27

80 16 18 16 18 18 19 31 2,S

.$5 10 1 16 17 1 18 31 28

.90 15 16 15 16 17 17 30 26

S.,P 1. ES "A"' .. ..B. . C' .. .P). .. G""; ... i

It is interesting to note that the spectral reflectance curves of the yellow

inclusions in the serpentine rock samples bear a general resemblcnce to the

curves of the "'e[iot" c soil reflectance measures given previously. lhis

suggests that perhaps a large inclusion produced the unusual limited area of

">clio:," soil at this sitc.
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In situ reflectance measurements were obtained for vegetation at this

site and are tabulated below. The grasses, at location 1 of figure B-o,

the area for which right of entry permits were available, were planted for

lawn cover not pasture. No blooms were present, nor were there any other

clues to make an identification. .iolinari(18) gives an excellent discussion

of commonly occuring grasses of the serpentine hills of Puerto Rico on

pages 102-112 of his text on grasslands, however, he does not cover ornamental

grasses. Reflectance readings were taken primarily to determine whether or

not major difference from the grasses of other areas were apparent. A

cursory comparison failed to sho,, any such differences.

TABLE B-26 IN SITU REFLECTANCL 01F V (;T..I I)N LAS MIFS.S

Grass ;rass Grass Gras: Bamboo Coconut

Tal Tal l Short Short Palm

.40 1 1 4 1 3 2

.15 4 2 6 4 6

6M 6 2

.55 8 9 1! 11 16 7

.60 - 5 11 8 17 8

.65 6 5 4 S 12 6

.70 8 13 11 11 19 12

.75 29 .-2 47 46

8! 43 5 2 30 62 75 74

PATE 11/ 121/11 1 ,2.) 12. - 2/14 12/41



DOS BO3CAS 18°20'N - n0(-44'W

This site is if t- west-central part of the island il the Rio Aa"0

forest. lhe topography is typical of tr-opical karst, commonly referredL to as

hav'stack hil I Is There are vc rv fe w areas of dee' soil. 'I oso w~lich -ir

present are restricted to the b-ttom of depressions and in general are of such

1 mi ted extent they are used onlN for crops or for pasturC.

One soil samiiple was c Ilected for location I on figure 13-7. Robert s

class i fies this soil as Lares Cl ay, red subsoil phase and gives a descri pt ion

on page 271 of his report. The laboratory reflectance Ceatsuremlents for this

soil are sho.ll below.

TAII.L 13-27 LAII AIORY RLILLICIANCL OF LARLS CJL.\Y i)0S BOCA,

, !O ,racks t./c r a s

.50 4

.7) 15

* 00 in" I1 i

21o

.71 H ON

90 . . -

ILuCAT'I ,>. 1 I

;-41
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.cli nat 01 oogv di fferene e s bet Wccl' areas 1from 02110t e seisor dalta.

H11



N

-t

P

I
-~---,~----- 

aI

K,

C
U

I
I

ii
a

I
_____ I

U

'Li
7'

I



to cllect the spectral aerial photo graph>. ironl wh-Iich to derive, quait it -

at "0 1 y ,tite spc tralI refle ctance of ground objiects from intage dens it ties , an

aec 1. j a 1 Came I'-a isreq L Ii reJ th Ia t re 'Ai Id)I Y re COrds i mane deons i t\- t rowl fran t o

fraie and across thle format of a single frame, tinder previous progrus, (A L

stowe'd thxat sex-e ra 1:e r: .a Icaie ras W! ' to fcal 1 1110 Sn Lit tel-s could no0t ho Us ed

Lo col I Spectral dlatz b~ecause of vory large , noni repea it IC err-ors il it tlt

stIIu t teCr .'eed .

[111to I tek t u ilt i'adCamewra ,1Model 0102 , %'h"i clx was to he Ilse,! to coIiL-C:t

tlte' requi red spectral I ha's afocal .lan shut ter, w'i tilt SI It for etch1

0t" tiltsnine len pos i tesinl rte11 camera. Iin-eeto' 1t .tSlesar )

r2\aluatc tile perfo-rnanec' of thS is shtter. This wasL accmihdOn 2S .]le%

1968 at ALCR. hey personntel from tile lorrest r ial cinelclhoratorv(Pi

and f rem. -,Al. ['at- awere a iqi red to e\lutte t ile ttil~ Iit': of the Shutter

speed across- tile Tn -DO format , the repeatabil1ity of tite Shxutter on conisecutivne

e xposutre Sp tile t rans'li s )i characteristixcs of the lolls/ fi lter co'71ronents

Iiii s up pen-li x'ocuwienrs rtew results of the C\L. a nal's is of tiie test daIt,.

not obtained to p-eve titut the e rrrn fo r thIte i /hi0 anid 1, / [ ) of a secon0 'd

speeds would he tile sanec order of magnitude as for the 1/1130 of aI secondL speed,

the data which was obtained suggzests this w as true.

'Icantera probn teas we2re also' noted! durin-g tis ix'ti\sis. [:fl-s

Ilightt 1 caks occ-ur On tile fi rst frames o i a sequen-ce aund ott all single frames

CX.POS.c[ manual ly. Second1, paLralle 1 l ICeS (I ightt) apea 'il thle iif~-~ IIT>'

u_ ec III nbc'Q ciannel for t'runes 7 .'1 aidu 91whc aret:1 ei to hi' 'Itk~t

to tile uresoeof theu ti: hack otr vol 1 or;



i) a previous program CAL derived thu reflectance of ground objects

I raM ,ectral 1i i1i desitics wi'iti a precision of c ,-7' of the ma value o'

reflectance. '1c i upLataiilt; of the shutter speed for the aerial cameras

i>cd w lS oil the ordcr of-,i,. liercfore it is concluded that the Itek Iode

0;12  ultil and caicr , iti; i ts -o% or less shut ,el" v;:riation can he u'sed to

:-llcct mcaniiigful spcct 'ol data, hut that the resuitant MrcasUrelnent; of

.nC object rofIlcctance ii 11 be less precise than measurements made by

-.AL o r Cvious progralal .

lih details of the tests pcrformed arc discussed in the following

i Ons

!.i LUNG! I JlUSIS

lh test procedure for determining the shutter speed of a focal place

-;.t tcr ., ith respcCt to osit ion across the filmi plane is to photograph a

ia;,i dlv cvcling calibrated light source. File position of the slit in the

fcal dane shutter t, ill e recorded on the film each time the light flashes.

ihe separation of two adjacent slit images multinlied by the cycling

rtc ot the ligilt sonrce- is the average linear speed of the slit for the

sclcctcd format position, Ih siutter speed (i.e., the time interval over

, , O in; I cxpos,. in norm:rI camera use) is the width of the slit

divided by its IinL r 'lpecd,

lhe test procedure for determining the relative loss in transmission

:,cross the fornat is to photograph a uniform light source located close

to the front of tilee,. A line across the format, perpendicular to the

di rection of motien of the shutter, is at a constant shutter speed, (i.e.,

;11i points along such a line arc exposed for the same time) therefore the

difference in densities are a function of the transmission properties of the

Ie::s and filtcr only.



1.2 TEST PROCEDURE

The Itek 9-lens camera was set up on a bench in a laborator. at AFCRL.

Windows were partially covered to reduce the anbiient light level in the

laboratory'. A strobe light (Strot-a-tac) was placed on the bench at the side

of the camera and aimed at a 30" x 40" white composition board placed in front

of the camera about one foot from the l enses.

Starting at a shutter speed of i/30 of a second and an f/number of

f/2.4, a series of five exposures were taken. "he co!-Position board was

removed and a uniform light arco was placed in contact with the lenses and

a series of three exposure: !ken. "The f/number was changed to f/S and a

second series of exposures were taken with the composition board in place.

This process was repeated for an f/number of f/22 and shutter speeds of 1/6,)

and 1,/120 of a second. For the 1/120 of a second exposures, the cycling of

the strobe was increased from 1200 cpm to 2400 cpm.

The three rolls of 70-m, film from the camera -,,ere processet Iy CRJT

personnel in a MIorse B3\ rewind type processor. Kodak 1l-19 chemicals and a'-

appropriate processing time were used to obtain a fuir ga, ala of 2.0. 1he

films were then brought to ICAL for analysis.

Lach frame used to determine snutter speeds was scanned on CAL's

model 1140 Mann microdcnsitometer using a slit aperture (I mm x 20 microns).

Because the focal plane shutter is on the order of 1/4" away from the film

plane, the edges of the slit images were not sharp. Therefore, the criterion

of locating the slit edge at the half-peak power point of the density trace

was used to establish the points for measuring slit widths and cycles. Frames

which were grossly overexposed were not used because the edges were broadened

by the over-exposire. Four consecutive frames weie used to determine the

repeatability of each shutter in S to o positions across the format. One

frame and eight lenses were used !.o check the deviations bet,'een lenses at

several positions in the format. Standard deviations .cre determined for all

results.
C- 4

L_



1. 3 DAjA ANALYS IS .\NDi 1LSIJI1"S

* . bLells i te V br Sht terf ial ait10nS

'11C kjuatita'tive- at1ialVs is to he Used onl this AlkiS, (roicet liltRitAL \i

'e i ith -,he Cu a-!~ suremetIit o f t hev Lio1ns it re0s of thle imgs I lilt c rust Oni :I1

iieii fi 1 tered films of the, ILek Camera. A model 11410 Nlawi iirdtstiu

a.tn amesren accurac-Y of ±0.02 iii dejhsit\ of+t ii,, t railsaisdsioii %,ill no

n-d. WI OUt the cal1'-ibtion1 tests" V.-huh.1 have -T been perormed cUle w"ouldiae

to aissume that thle exposure-s for the 9-I1 ea;,ses w ere equal for anyv i i eat ed

.U t tel 5J r s aIR toe T ax. r II ws t i 01I1 aC1:N}55; t o Ulr:1a1 . IX li I C - 1Shows1 tile

ave rag - -lintte r speed for thle iiiii no eise s hiad dcvi at ions as l arge a.;±20-.

S~cla dev lat jun! would liit reduc a detis ity error of W),s times thle gamma to

w tclte film is 9I~C~~.For Proj ect 'Ill RA\AI., we anitic ipate processinig

t o a gamma o f + 2i ih n-vai d resul t -iti a dens i ty e rror of ±0163. hrrsr ill

tn-ra ill ie ficc tzinc es dee ivxd from, such dat a n-0u11 he Of q1lVt1stiotahle Utilit.

!therefore , to reduce thi, s r rot- ech:, lenis /s! ut t er sxs17te- root i rcs cal ib rationl.

Table C-i

AVLkV'L1Il SI liTiLR SPLEFI) ACROSS FOR'Bt-

Indicated Shutter Speeds

Formiat
Positiotg 1/60 (0.0333 sec') 1/60 (0. 016 see) 1/'2o (0.10833')

0. 3 0.0300 +18%- -

0.6 C. 032 4 ± 9% -

0.8 -- 0.0168 ±1.2% 0.00890 ±%

0.9 0 .332 ±12%

1.2 -- 0.0161 +12%c 0.00859 + S%

1. 0.,332 ±10%) 0.0167 ± 19% -

1 .6 0. 33;2 +10% 0- .00841 ±-9"
1.8 U. 00165 +1 2% --

I 9 0.331 ±13% - 0084-1+4 6%

2.0 -0. 01 74 ± 2 2%

Ilistanlco ii inches from leadinig edge of frame

t- S



Table C-2 shows the mean shutter speed for each lens position, derived

from four consecutive exposures for five to six positions in the 70-mm film

format. These data are shown again in the histogram of Figure 1. In 38 of

the 46 (87%) measurements made, the deviation is +6% or less. Five of the

eight remaining measurements were obtained from the extreme edges of the

film format where large errors are likely because lens transmission falls off

drastically making it difficult to measure slit widths and cycle distances

accurately from the microdensitometer traces of the test films. Because the

majority of the deviations are -0% or less and because the large deviations

occur in at the edge of the format, it is concluded that the repeatability of

* e itck 9-lens conera shutter at 1,.: idi. ted specd is -ot or better over

most of the 7u--mm format.

The question now arises as to whether or not the repeatability is

valid for thc 1/60 and 1/120 indicated speeds. As Table C1-1 shows, there

appears to be a slightly larger variation in shutter speeds at 1/60 of a

second and slightly less variation at the 1/120 speed. The majority of the

test films f')r the 1/60 and i,120 shutter speeds were underexposed and there-

fore a complete analysis, as given th. 1/30 shutter speed, was not possible.

Lens No, 2 hoever, did have reasonable, exposure- at all 3sutter speeds. This

was bezause the lens was nct filtered and the film in th at position was Plus - X

Aerecon which has a dynamic range adequate to accor.odate the factor of 4.0

difference in exposure sctween the 1/30 of a second and 1/120 of a second.

Table C-3 compares the ;hurter sFed resul-s for Lens No. 2. Because the one

si-ma deiations for the 1/60 and 1/120 results are -0% or less, it is coil-

eluded that the repeatability of the shutter is +6% or better at the three

indicated shutter speeds of 1/30, 1/60 and 1/120 of a second. in terms of an

image density error, for film developed to a unit gamma the 169% deviation in

repeatability means a -0.025 density variation which is very close to the

precision of the microdensitometer, in 0.020 in density.

C-u
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1able C-3

COl'PAI,ISON OF I.NS IM . 2 SIIUFILb. SI'I:LOS (IN SCI.(\)diS)
1\lIFAStlilll.NIS - 1/30, 1/00, AN) 1/120

Indicated Shutter Speeds

Format'
Position 1/30 a. .533 Sec) 1/,( O. Uo7 see) 1/12) 0.0)833)

0.3 0.0287 t10% ....

0.6 0.0298 ± -% 0.0185 .6% 0.00923 o o%

0.9 0.0325 14% -0- U. 00953 ±4%

1.1 -. )092±%

1.3 0.0315 3" ....

1.b 0.0317 ±4% -- 0.00010 ±l%

1.9 0.0196 t4, 0.00888 ±'.

Distance ill inches from edge of format for film developed to a uLnit
gammia, the +6% dOviations in repeatability means a xO.02.; density
variation, which is very close to the precision of the microdens i -
,ometer, i.e., +0.020.

1 .. \ IiALM , OPLR\T ION.\ L PROBLi-,,

1i-gut' C-2 Shows tile first set of simultaneous trames taken during the

bench test, at a shutter speed of 1/30 of a second and an f'number of 2.4.

The verv white images of frames 1, 3, 5, b, 7, 8, and 9 are the results of one

or morc light leaks in the camera. This p3ttern occurred in 40 out of 80

frames taken. The 40 frames on which the pattern occurred were either exposed

one at a time (uniform light source photos) or were the first frame in the

series of five frames for shutter tests. This suggests that the light leak

occurs only on the start cycle and not on the recycle. It %,as recommended

that this light leak be found and repairs made in that short passes were

expected to be used during the tests in Puerto n; wio! zould result in the

loss of valuable data from the light leak.

S- 9



Figure C-2 LIGHT LEAKS IN MODEL 002 MULTIBAND CAMERA
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it %qOs aliso noted thiat tile framne coulit r for frames78 nI9fie

to operate and theo couilter- f!r-t)1- 1, 2 and1 7o k; W lit lol1Ciet ll p'mwl -'l

I lie correct mark injg of' fralices is e ssential1 inl that gr'oundL Vpanels for- I diit Ifi-

;Lt lonl are. not feasil 11 L it thle scaes to be( flown 1 inl 'uerto 1"ie here lore

t Ink aliso rec oinmended th at til use :ounters be repalred and spa [75 cacs

to Puerito i, co for fi eld i-epai r's , i f' nec.essary.

I J ial lv, four1 parlll i nes in the direct i or o)f P' wl t We re NOted

onl toec infrared filIm. TJhese line.-s were light in tone,, baJt were nlot srtc~

I t appear,11s tili at WiQese Ii ies ire ;nes sure m-arks ec the:- i-clat ci to tile Va coonl

back, or the transport rolelir. Inl ci tier ease theY l.outld have n sigii i2;int

Ll'1Lc tuponl tiercaus uremei Vos. for inages in thesei loeat ioli~s It was

thiere fore recommended that Iallalance; beo undert akeii to cli i6il:ltC these lilies.

Because of the reouirelents for the use of thi s caimera on other

1110 lects prior to its use inl Pue;rto P le:o these repti is could no0t heC lnode

IIloweve r, Uci rig aware of t thev 1 i ghit l eak , t Iei AFCRL1 fl ight c row turnled the

cx arc ras on earlI to ae i d less of dat a over the ta4 rg~et areai Sinlc trho

q ian1t it at i I a alys is of, the: f-ibm as hk5 IunOf I td xtanlt, nlo di ffl i Ult 'v

1:LS ben Coun01t ered! bec-auseC of the counter rrob I c;- or the lines onl the in fr-i

red 1fi ]ll.



I I tN'CLIJSlI)NS ANIJ) IZLC0MMLNI' ki I2

tIhe I tek , MaUL 1 002 ,0 - 1CI eS caIlvera canl b) kIse C a1tC t ake fLi 1tered! at' I-i :I I

photographs w i th wqI I i C II to Conduct ;,me ani n gful p1411 t t i at iv Ya iis to

derive ground obj ect refleOctance although thle preces i0on cii e le-,Iss thanl

could be scheduled. it is recommenjc~ded thtat aneimages a i th bt woei the 12115

szhutters located 0.2 inches or farther riot the leadinge edge of thle filis

to rmat be usedi for dens it onwt ri c anl llvs is to reduce The 1 lr'ze errors wdic h

imay be jnt roduced tiy thle shut t r inl tile fir-st 0 .2 nellhes of rae

('-1I
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I. INTRODUiCTION

AFCRL has an infrared sensor (MIAI) WhichL1 records data for determining

tile relative radiances of terrain features in the 3 to 5 micron region of thle

spectrum, fromn image densities on film. To perform a densitomctric, quanititative

analysis of terrain feature radiance in this band, a control procedure simi lar

to that used for the visible and near infrared portion,; r the Spectrum is

required. This appendix describes a control procedure that canl Ibe used to

derive quantitative data onl the radiince2 of grOUnd ol jeCt inl thet ;--, iricron

bind. ['he control procedure co'isists of utilizing ground control targets,

a signal generating device in the aircraft and a tec~hnlique to rel atc imagoi~

dcns itv to -Ai ance aLt thle detector. Beiicauc uf diffiicult ins oncounterci in

t;ie field inadequate sensor data WaS Obt ained toi validaite propci ly the c ncdv

by a quantitative analy'sis of natural earth object radiance. Hoievcr, thle

limited data reduction performned suggested that tile 'lro~eturu is5 val id.

HadL Cq~u~ Lidata been1 COl leCktcd additional iiethiodology is provi del!

for obtai ning measurements of ground ob ject emi ssivit ies and :zurf'acc teo-rat ire

from thle flilni irago densi;ties.

2 'FrlE PROBLEMS

T[he basic procoss of obtaining quantitative valucs of object radiance

from measurements of thle denisi ty of imagery obtained using a rermote detection

device is similar whether the device operates in the visible, near infrared

or far infrared portion of the spectrum. The remote sensor collects a part

of the energy (reflected or emitted) coming from the object which is then

translated to an image of specific density onl film. To complicate the

problem, the relationship between t. 2 radiance sensed by the remote detector

and the rcesuitaat density of the recording film i3 difficult to determine for

thle follot.wing reasons.



2 1 NONL I NLAR ITY

[he remote sensor is composed of five basic components eac' of which

affects the dens it-v of the recorded image. Figure 1 is a block diagram) of n

typical infrared scanner. Thie first concern is with nonlinearity in the last

three com-rponents.

R
-- DETECTOR PREAMPLIFIER AMPLIFIER CTRMR

Figure D-1 BLOCK DIAGRAM OF TYPICAL INFRARED SCANNER

A*n aggravation to this problom is that changing altitude, or time

of' day' a miss ion is flown or- flying over terrain of extremqely di fferent

;Lvcrage radiance properties requires that the non l inear transfer functions of

the amipl ifier, C"k [, and camerat be manuall. 1; ianged. Fortunately, ,nce set,

thle omb "Ue tas er -ct i ii for all1 three parts will only change slowly

th tirme,

22 CON I ROL TARGLTS

A second i ff icul tx is that of cal ibrating thle control target. In

order to discuss this prop~erly, we must first review the fundamentals of

target radiaincv. [hei review is of special intei ~st here as applied to control

targets, but iay lie applied to any target.

lhe total radiance (watts/unit solid angle/unit projected area) of an

object at a given temperature (1) over the electromagnetic spectrum is given

bNy tile equoation

U-3



1 83 /7

0

assuming the surface of the object is diffluse

whe re

=object emissivity

=radiation of a ii lack !)Gil" at thle same temacLrature as

the object (watts/unit area/micron)

=object refleCti~itV

9. irradiance on the objec-t (watts/uinit area/micron-

2 ,sCvelongth

It '.n the wavelength region of interest 3-- i,. for the ML\AI scanner)

the erissjvitv of the obiect-z (-f interest is neatriv cnstart, an average 1val11e

6 can be assigned for the emissivity. The reflectivitY of an 01)ject m',ust

therefore also be nearly cons tant in that bi rkoff's Li... states triat rcflecti city

is equal to one minus emnissi vity ()o -el Th,: qqu iou I reduces to:

my.' 2 '*A(2)

Now then, the integral of is merely, thle area 4 under the black baodv

radiation curve for a specific temperature over the 3-.; mloron spectral region

and the integral of A'd,4 is the area ( q4 under the irradiance curve (also,

in he -5micron band) so that Lquation 2 can 1be writtenas

D)- 4



Thus the radiance which a remote sensor detects in the 3-5 mi'iron

region of the spectrum is a function of the object's average emissivity (and

reflectancei, its temperature, and the total energy falling upon its surface

In the spectral band considered. Although black body radiation curves are

known and the average surface temperature of ground objects (control targets)

can be measured, instrumentation for measuring irradiance in the 3-5 micron

region of the spectrum is costly. Thus the emitted comoonent of the control

target radiance may be knowr, but not the reflected,

2.3 BC LOSS

The preamplifier has a time constant on the order of a few, scans of the

dtector, so that the bias is automatically adjusted thus keeping the bright-

ness of the CRI spot ith iii the dynamic range of the recording fi 1m. One .ay

til ;nk of this as an automatic exposure control on an aierial camera. Because

of this, the absolute densities of images do not relate directly to the

at'solute radiances of the objects. Although a oleasing, well exposed picture

is produced, this problem: is by far the greatest deterrent to using present

scainers for quantitative analyses. It is true that separate recording of

the D.C. level ,:ould eliminate the difficult', but this would require major

modifications to the scanner.

T ilL SOLUFIONS

Basicallx we must relate film density to ground radiance in order to

use the remote sensor data to measure terrain emissivity, reflectivity or

temperature. As with the multi',and camera, this can be accomplished by

determining the transfer functions of each individual sensor component, and

external attenuations, or nor simply by using a relative analysis of the

unknown to a known object radiance on the ground. The latter app.,-ach is

preferred because it is inherently simplier than the former. In either case,

the transfer function between radiance at the detector and film image density

must be determined.

I-i



The problem of nonlinearity is solved by use of a calibrating signal

generator, the control target problem is solved by use of three rather than

the customary two control targets,* for phiotog~raphiic sYstems and thle 1).C. loss

is solved by use of a grass, substandard, as des.'ribe.d belIow,

3. 1 NONLi1NLAK I [Y

We built a signal generator for thle MiAI scaniner which could be

plugged into the ampli fier in place of thle detector anld prdInlplifier to

generate a density step wedge onl the fi lrn output. 'Ibhis generator is described

in Appendix E.

The step wedge whiich should have preceled c;ieh dat a pis, , was to be

scanned onl microdensitometer to obtain the transfer function between pre-

amplifier voltage output (or video amplifier input voltage)l and film dersitY

for each pass. Because the,- lens of the re~cording camrl ha:;s a transmission

loss from the on axis position to thle formnat edge se~veral microdensitorneter

scans were to be mnade to obtain the transfer function as a function of image!

off-axis position in the iorniat , Thle true snapv oi thi fW1'cti~i Could :ot

be established preciselY, becauso the stenp wedgeo genecrator i~as not ti;lized

on a sufficient number of flights during the tests. Ilowever, 1igore 2' has

been included for illustrative purposes.

ON AXIS

+ 20'

VAL D. zDENSITY OF HEATED WATER TRAY IMAGE

... ... ~DA z DENSITY OF AMBIENT WATER TRAY IMAGE

VAL VA 4H DAL 7DENSITY OF ALUMINUM PANEL IMAGE

PREAMPLIFIER OUTPUT VOLTAGE

Figure D-2 ILLUSTRATION OF REDUCED STEP WEDGE DATA



The density of the image of any target may be measured and the pre-

amplifier voltage determined from the appropriate curve of figure D-2 ahove.

3.2 CONTROL TARGEIS

At the site of the ground reflection panels for the multi-nand camera,

wc constructed two 20 foot x 20 foot x 4 inch water trays, one of which was

heated. Also a 20 foot x 20 foot aluminum target and a dense grass target were

constructed. By use of the water and aluminum target densities and the pro-

cedure indicated below, the radiance of any target which lies, in tne same scan

as the control targets may be found.

The measured radiance of an object can be expressed* as follows:

where the voltage output of the preamplifier

v = a constant

and £ = a radiance value which is dependent upon the past

history of the ladiance level sensed by the

scanner.

Thus, .-,e have the following set of equations:

where the subscripts Ii, U, aipd Al, refer to heated water, unheated water, and

alwuninum, respectively. The voltages are determined from the densities using

figure D-2 above. So long as the three control targets arc all in the same

scan lines ek: and PA, are the same for all three equations. Front Equation 3

*Tests using the 3-5 micron detector and preanplifier of the CAI. Rendix

scanner suggests this expression is quite valid. :

D)-7
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,?. L .fL 'MAL  4L A

From a measurement of the surface temperatures of the heated water target, the

unheated water target, and the aluminum target, the black body radiation

values are determined from the black body radiation curves (i.e., 4

and Asa ) for each of these temperatures. The emissivity of water is

approximately 0.98 across the 3-5 micron spectral region and that for aluminum

is approximately 0.02. Equating the two sets of equations we have:

I - ' ' -

< , . t? z -6, e_

The unknowns arc A , and 1 lie three, equat ions can be solved

simultaneously for these unknowns. By substituting both , and 'x into the first

set ot equations the Radiances of the targets can be plotted as a function of

the output voltage of tne preamplifier, as shown in Figure I'-3, solid line.

R/

LA

R A A
5 R,

I I I

VAL Vu V"

OUTPUT VOLTAGE PREAMPLIFIER

Figure 0-3 RADIANCE-VOLTAGE CALIBRATION CURVE
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Thus, for any target in the same scan as the water and aluminum targets,

the radiance may be found by (I) measuring the density of the image, (2) deter-

mining tile voltage from Figure D-2, and (3) determining radianc, from

.igure 1D-3, solid line.

3.3 ID.C. Loss

For any other terrain feature of interest in the scent, but not on the

sane scan lines as the control target, tile R factor of Equation S may n ell have0

changed considerably. Therefore, a constant radia.nce target is necessary

running tihroughot the length of the area of interet, ..\ small stream or

creek would nakc an excellent target, however these ire generally not prcsenlt.

In natural terrain grass is generally present over the ,:tire area of interest.

If a multi-band camera system is flown simultaneously with the infrared

scanner the vigor and percentage of grass cover can be ,7valuated b- neasurin.

the reflectance properties in the near i:!frared aid the red i:ortion of the

spectrum. Those images having the same .opert es in these bands can then be

selected for ise as standard targets for tie far infrared.

The density of the image of the grass area within the same scan 1 tnt

as the three control target are now measured and the corresponding voltage

obtained from the appropriate curve of Figure D-2. From tic density of imag-s

of similar grass areas in other scans on the infrared record, the apparent volt-

age output of the preamplifier can be obtained from the appropriate calibration

curve of Figure D-2. By using the differences in voltages for these grass

samples to adjust the voltage values derived from the film densities of any

other objects of interest in the same scan lines as tile remote grass area, the

radiances for these objects can now be determined directly from Figure P-3, tile

Radiance/Voltage output ca' 'bration curve for the data pass. Thus the

procedure for obtaining the radiance of terrain features in the three to five

micron spectral band is complete.
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4. SOIL PROPERTIES AND FAR INFRARED tADIANCE

Investigators, using a qualitative analysis, namely i;,terpretat ion of

far infrared records, have observed film density differences in terrain

features of interest. They have attributed these density differences caused

by total radiance differences, to temperature or emissivity differences between

the terrain features. This practice is highly arbitrary, in that very little

is known about the emi ssivities of terrain features, and the irradiance at the

time sulch films are recorded. I he quant I at ive analys is appro-ch allows us to

investigate tile cont 'ibutions of emissivity, rcflectivity and irradiance to

the total radiance sensed hr th e scanner, With a Ii I' i mum of assurnpt ion eC Ce-

salry

L-issivity Measure

To obtain an emissivity measure of a terrain feature in the scene, we

must measure the average surface temp)eratUlre of tile feature. This call be done'

with a radiometer or surface thermistors.

We must assume tat the irradiane,, on the feature is equal to that oil

tihe standard grass target, which should vali qit e Id roy idl] tie two are iln

close proximity on the ground and no cloud shadows are present. We can deter-

mine the absolute level of the irradiance -,1- as described previously. It

is now possible to measure the terrain features emissi'ity using the following

equation.

t .,. -()
A8

where

= the radiance of the feature derived

from its ilnag', film density

. the irradiance dcrivel Ironl the. dons I I

of the image of grass control target

Ill



=the M)1ack hod,.- radjt ion deriVedI fromN the bl1ac k

body radiation cu~rve for the appropr jot

temper atunre

0 Obt ain tie Stir f IC temperature of a tclrrain t c ;itutre we miust have a

measure of its ivcra ge emiss5ivi t~y. flus can he obtained by sele~cting severalI

Simple )1S of the t e ral i fe-atknrc 01f' interes t iii lie fiold and us ing the proc eduires

de-serilbed above to -e'~r ii, average cmi ss~V it f romt tilin dens ity v alues.

Using thiS aVe ragCe mi SSiVit., value for the terrain featurL -f intereCSt, th1C

value Of /, deriVed from1 tI hedens itv' Of t he image of' thle gra ss control target

and the tot ii rad iance of t lie featuore dcrived from its Jimage kensity, thle

black body, radijation ofl other examnles of the same type of terrain feature can

be computed from the fol1lotwinug eqiuation:

~(7

Black hody' radiatiton curves can then ne used to de-termine the surface temper-

atuire of the feature.

MoistureQ Iffects

Of part icular implortanice isj th respcct to terr-ain seuisinlg in tho far

iinfrared spectral region is the thcory that s3i1 moisture Content .:all be

evaluated from records taken at different times of the day. Thie rate of

change of temperature for a moist soil should bc different from that of a less

moist soil because of the differences in the specific hleats of the soilIs.

Dlepenidinug upon the precis5ion wi thi whichi the temperature measure of a

soil surface can 'ho obtained from the procedure described above and the

magni tude of the change of surface temperature wich Ciil~l occur betw een a pre

and post sunset mi ssion it wouild he feasibhie to investigate thiis theory fromi



the data to be collected in Puerto kico. lowev'er, hockuse of a problem

encountered by the air crew on applying thc step wckdge to the film before

each pass, suitable dat a for the analysis were not acquired.
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SIGNAL. GLNF.RATING CALIBRATOR

The cal ibrator is a sol id state Pulse gC:IeratOr which can he triggered

by -n exteinal negative puise. Trigger amplitudes maoy vary between 6 and 2U

volts. The output is a selectable positive or negar ice going pulse whos-e full

scale amrplitude may be v-aried between 10 millivolts and 200 millivolts. A

decade precision attenuator is included to obtain 0.1 full scale amplitude

increments.

Figure 1 shows a schematic of the unlit . 1eOutp)ut p-UlS 113 ha a noM2 nal

pulse width of 2.5 milliseconds, and peak amplitude of 4.0) voits, as shown in

Figure 2. The pulse width may be var ied to anY wIi lte t, Sec al!

2 .6 scc. The unit uses a self-contained battery supply\ which hlAS all operating

life ill excess of 10) hours.

Because the calibrator will Ibe used as al n moot to Zicapacitor coupled

video amplifier, the outpuLt of the video amo Ii flcc i ill he corrupted by the tile:

constants inl the coupl ing neVtworKs , and" a droop) in the pulse il l e.6s St it,

amount of the droop renresents the degraidat iou Df the video signal dturing a one

half scan 1line period, and will result in a change inl the gray level Over thy

half li-- 1 eii .

Oporation

To use the cali-brator, proceed as follows:

1. Conn1ct the- deaired trigger signal to the TRIG. INPLJ I of the

cal ibrat or.

2. C:onnect the calibrator O'.)UV' to the input of the video

amplifier.



3. [urn cal ihrator pwer- to ON, position.

4. Set output polarity switch to the desired output polarity,

(+ or-.

S. Set attenuator to full scale position, 10.0.

6. Adjust ICVd LUontrol to obtain the desired full scale output,

as observtcd on the monitor scope.

Initiate calibration routine (start camera, etc.), then decrease

att.uator from 10.0 to 0 in oqual time increments.

8. Mhen cal ibrat ion has been completed, turn power OFF and

disconnect cplibrar,: .

L-.3



C-

0040

~~.j

LU

ID ~

"IN

-^VV- 

se



TRIG INPUT

2 .5 I S E C . - - - - - - --

POS. OUTPUT

Ov ______________________________

___________ OI - -

NEG. OUTPUT

10 TO 200 M.V FULL SCALE

NEG.

L-T- 
POS.

ATTENUATOR OUTPUT

Figure E-2 PULSE GENERATOR OUTPUTS



UNC LASS IFLU _______

DOCUMENT CONTROL DATA- R & D
0" , In NG 1c An C ~ ~ e Tnb Iri v ItiIo(,~t Ynr,,II.n~ I.- If- t- -. I. It. SE,,n r,, r I ! I IT OI

Cornell1 Aeroniut ical La.boratory , Inc. [[NC I.ASS I F I
Buffalo, Newq York 14221 2 k'Q

NE0.RT 'I. 
T 

.

A- PROGCRA-V To 
1
CQU RIh 1.NVlIRON1IFNT1AL, FIELD DATA IN FOUR ARIAS IN A I IMI I)

811 1IRCP IC FNV IROV1MFNV

Sc i eut i f i, Final . 1 NIav 1908 -31 August 1009. 12 Novembe r 1901)
S 'T H RS, (Fi,a t naR- middl. ,nit I. I. a I- n.

John LK Walker

6 RPORT DATE 74. TOTAL NO OF PAGE7 -7I. 1 A FI fTS

November i909 I o 3 9
811 CCNTRACT OR GRANT No Q.. . lG 111A 10 A'S EC t4 VI' E R,

F 1962S-68-C-0339 VT-263b-0t1l
Project, Task, Work Unit Nos.

7628-03-0L)1
DoD Element: 0240539F E OTHER REPORT o fsAn 4,fh F -h,nhr theate b' Ijre*

thi reP '()

d. ol Subelement :68 100 oI ACR1-b-C)9
I I OISTRI BUTION STATEMEtT

Distribution of this document is unlimited. It may he reClcaSCL to the LicZ1rilig
House, Department of Commerce, for sale to the general public.

I I S.PPL F ENIARY NOtE5 12 SPOISONIO 1,, 1 1. AC'.T.

Air Force (a mbido JPeseari

TLCII, OTHELR I-borat I I'LeS1 1
L.G. 1lanscor. Field, Lcdlford , 0hss 17 3)

Mu tirand remote sensing provides a means o1 obtaining signatures for natural
arth objects an6 backgrounds. The Air Force Cambridge Research Laboratories (AK(RIJ

:al lected multihand da'ta from four humid tropical environmecnts in Puorto Rico. 1it:
:ornel I Aeronautical Laboratory Incorporated (CAL) collected field data and performed a
imited quantitative arnalv'SiF to,.ard the- objectivec ofl dcfiiag tcerrain sioiiatiirus-

Irradiance spectral reflectance, surface temperature, soil moisture, soil granuMalitV,
ir temperature, humidity, wind speed and direct ion measurcements and ground photographs

'ore obtained. The limited analysi s resulted in the development of bi band methodology
for determining whether variations in film image density of soil is caused by surface
moisture or surface structure. If the ri1-io of the average exposures (low/high) of tw o
images of soil in the blue region of the spectrum ( .50 )is equal to or greater
than their exposure ratilos iii the near infrared ( 0.80 the difference is at tri -

utalble to surface structure; if less, then the cause is surfaDce moisture. T[le rcsiults
1 so suggest that for surface structure, the absolute value of the ratio, cani he rel ated
o the amount of textual difference between the surfaces. It is c:oncluded that anl
lectro-optical iuitiband analysis system using hi band techniques can be developed to
facilitate the Air Force engineers task of terrain anal 'ysis and at the same time pro-
ide him with the tools necessary to extend the uti]lity of multiband rfemote sensing to
btain spectral signatures for other earth objects and backgrounds.

DD I FORM1473 UNCLASS111V

___________ ____________ ____________________________ ____5



UNCLASSIFIED

IA ~LINK A LINK *

ME OD OLL *.T ROL I TY C~~

Environmental Field Data
Humid Environment
Spectral Reflectance
Vegetat ion
Soils
Water
Remote Sensing
Mult ib and
Infrared

UNCLASSI1 U~
Security (Ala~ihcwton


